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Abstract 
 
For patients in cardiac arrest, early chest compressions and adequate airway management 
to ventilate and oxygenate patients’ lungs is essential and can be achieved through 
endotracheal intubation (ETI).   This said, there is debate around whether ETI is required 
during cardiac arrest (CA) management with arguments for and against whether CA 
outcomes are improved when ETI takes place.  There is further debate as to whether 
paramedics should carry this skill out in practice, corresponding to the effectiveness of ETI 
attempts in the out-of-hospital environment.  There are several complications associated 
with ETI and alternative intubation devices (AIDs) are available to help overcome a 
number of these, though are not currently used in paramedic practice.  There is a limited 
amount of current research that studies the use of AIDs in paramedic practice.  This thesis 
aimed to explore current out-of-hospital practice in relation to airway management and 
ETI and critically examine and compare the use of AIDs by paramedics.   
A three-stage approach was undertaken. A retrospective case note review established 
current airway management practices in one area of the UK, over the period of a year.  An 
online survey sought paramedics’ opinions on airway management and ETI.  Finally, a 
prospective, experimental study compared four AIDs (a video-optic, standard blade 
laryngoscope (SBL), retroglottic tube and intubating laryngeal mask airway), through 
observed intubation attempts by paramedics using each device.  Preference ranking and 
comments provided reflections on the practical application of the devices.   
The research project has shown that a range of airways are used in the out-of-hospital 
care environment, with varying success rates.  ETI was attempted on less than half of 
2,779 patients in cardiac arrest, with a 77% success rate.  Opinion survey findings 
indicated that 79% of 181 paramedics would commonly perform ETI on a patient in cardiac 
arrest.  In the same sample, 83% believed ETI to be gold standard airway management.  
On examination and comparison of four AIDs, no one device proved to be more successful 
than another when used by paramedics.  The Airtraq, SBL and Combitube were equally 
successful, with success rates of over 97%.  In comparison the iLMA was least successful, 
with a 65% success rate (p≤0.001).  No statistically significant differences were identified 
between the devices in terms of number of attempts needed for successful intubation.  
Time to intubate with the devices was between 42 seconds (MBL) and 86 seconds (iLMA), 
with statistically significant differences between the iLMA and all the other devices.  
Paramedic participants preferred the video-optic device, which was attributed to the good 
view of the vocal cords the device provided, alongside the ease of use.  Further research 
on ETI and the use of AIDs by paramedics in clinical practice is required, as this was a 
mannikin study carried out in a controlled environment.  Recommendations for a 
comprehensive training programme and predetermined skill maintenance plan when 
introducing any new device into practice, are suggested.     
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Preface 
 
The researcher is an Emergency Nurse and Senior Lecturer, who at the time of carrying 
out the research was working in education (as a Senior Lecturer in paramedical, urgent 
and emergency care) and then as the Matron of an Emergency Department (ED).  She has 
an advanced level of clinical emergency and urgent care knowledge, with understanding 
of the critical nature that interventions have on patient survival, putting her in an ideal 
position to carry out a study in this field.  Her personal values and work ethics are centred 
on effective and safe patient care provision and she has carried out a number of audits 
and evaluations to investigate patient care in the urgent and emergency care environment.  
The outcomes of these have improved patient care and thought to have helped reduce 
incidences of harm.  Many of the key concepts [of urgent and emergency care] are 
applicable across nursing and paramedic practice and highly related to professional 
practice. 
 
This research focussed on an element of professional practice that is topical, relevant and 
applicable to clinical practice and patient care.  It is recognised that the subject is one of 
many areas that could have been investigated in terms of evidence relating to a skill in 
practice; the execution of the skill, resources, requirements and professionals’ opinions.  
The investigation of airway management and endotracheal intubation in out-of-hospital 
cardiac arrest was selected as it met the above ideas and is unique to paramedic 
practitioners as an additional skill undertaken to improve patient care.   
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Abbreviations and glossary of terms 
 
 
Abbreviation Abbreviation in full 
 
Explanation 
AA Association of Anaesthetists A group representing the medical and 
political views of anaesthetists  
AID  Alternative intubation device A device or method used to facilitate 
laryngoscopy and or ventilation 
ANOVA Analysis of variance Statistical test  
AWS Airway scope A video laryngoscope 
BHF British Heart Foundation A charity organisation funding 
cardiovascular research 
BOS Bristol Online Survey  Online survey platform 
BVM Bag-valve-mask A self-inflating bag used to provide 
artificial ventilation 
CA Cardiac Arrest When the heart suddenly stops 
pumping blood around the body 
CARES 
registry 
Cardiac Arrest Registry to 
Enhance Survival 
CARES was developed to help 
communities determine standard 
outcome measures for OHCA 
Cormack 
Lehane 
-- A system which classifies views 
obtained by direct laryngoscopy 
based on the structures seen 
CPR Cardiopulmonary resuscitation An emergency procedure that 
combines chest compressions often 
with artificial ventilation 
DAS Difficult Airway Society -- 
DOH Department of Health -- 
DNACPR Do Not Attempt 
Cardiopulmonary 
Resuscitation 
An advanced decision which provides 
immediate guidance to those present 
on the best action to take (or not 
take) should the person suffer 
cardiac arrest  
DPA Data Protection Act A UK Act of Parliament developed to 
control how personal information is 
used 
EAST Eastern Association for the 
Surgery of Trauma 
A medical association of American 
trauma surgeons 
ECG Electrocardiogram A method used to assess the hearts 
rhythm and electrical activity 
ED Emergency Department Part of hospital that deals with 
accidents and emergencies 
EMAS East Midlands Ambulance 
Service 
Ambulance service provider in East 
Midlands region 
ETI Endotracheal intubation Advanced airway management 
technique  
ETT Endotracheal Tube Airway adjunct used when 
performing ETI 
FOIA Freedom of Information Act A UK Act of Parliament that creates a 
public ‘right of access’ to information 
HCPC Health and Care Professions 
Council 
Registering and regulating body for 
paramedics 
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Abbreviation Abbreviation in full 
 
Explanation 
HEE Health Education England An organisation which supports the 
delivery of excellent healthcare and 
health improvements 
HEI Higher Education Institute An organisation providing education 
postsecondary level (e.g. University) 
iGel iGel® A supraglottic airway device 
IHCD Institute of Health and Care 
Development 
An organisation offering academic 
and vocational qualifications and 
testing through other examining 
bodies  
iLMA Intubating laryngeal mask 
airway 
A supraglottic airway device through 
which an ETT can be passed 
JRCALC Joint Royal Colleges 
Ambulance Liaison Committee  
A committee that provides robust 
clinical oversight and expert clinical 
advice to UK ambulance services  
King LT King Laryngeal tube A retroglottic airway device 
LAS London Ambulance Service One of eleven ambulance Trusts in 
the UK 
LMA Laryngeal mask airway A supraglottic airway device 
MBL Macintosh Blade Laryngoscope Type of blade used in standard blade 
laryngoscopy 
MRC Medical Research Council  Works to improve the health of the 
people in the UK (and around the 
world) by supporting science and 
scientists 
NHS National Health Service Publicly funded healthcare system in 
the UK 
NMC Nursing and Midwifery Council Registering and regulating body for 
nurses 
NPA Nasopharyngeal airway A simple airway adjunct 
NWAS North West Ambulance 
Service 
One of eleven ambulance Trusts in 
the UK 
OHCA Out-of-hospital cardiac arrest  A medical emergency (where a 
person’s heart stops) in a public 
place 
OPA Oropharyngeal airway A simple airway adjunct 
POGO Percentage of glottic opening Represents the percentage of glottic 
opening visualised during 
laryngoscopy 
PRISMA Preferred Reporting Items for 
Systematic Reviews and Meta-
Analyses 
An evidence-based minimum set of 
items for reporting in systematic 
reviews and meta-analyses 
RCT Randomised controlled trial A study design that randomly assigns 
participants to a group 
RDB Research Degree Board Group that offers quality assurance 
procedures at a local level 
REC Research Ethics Committee Body responsible for ensuring that 
research is carried out in an ethical 
manner 
--- Retroglottic device An airway adjunct that sits behind 
the glottis and larynx 
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Abbreviation Abbreviation in full 
 
Explanation 
ROSC Return of spontaneous 
circulation 
The resumption of sustained 
perfusing cardiac activity associated 
with significant respiratory effort of 
cardiac arrest 
RSI Rapid Sequence Induction Performing ETI following the use of 
relaxation drugs 
SBL Standard Blade Laryngoscope A device used to help view the airway 
of a person during ETI 
SGA Supraglottic airway An airway adjunct that sits above the 
glottis 
UK United Kingdom The collective countries England, 
Scotland, Wales and Northern Ireland 
VAS Visual Analogue Scale A psychometric response 
measurement instrument 
VL Video laryngoscope An alternative intubation device 
method 
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Chapter 1 Introduction and Background 
 
1.1 Introduction to the research area 
Airway management is the maintenance of a clear passage through which air can 
flow into the lungs (Difficult Airway Society, 2018).  It has been recognised that early 
airway management interventions help to ensure adequate ventilation and 
oxygenation of patients’ lungs (Idris et al., 1995; Lossius et al., 2011).  In emergency 
care provision, a step-wise approach is taken to airway management, with advanced 
techniques used in the latter steps.  Endotracheal intubation (ETI1) is one of the 
advanced airway management techniques used by healthcare professionals, which 
involves inserting a tube into a patients’ trachea to open and maintain a patent 
airway (Nicholson et al., 2013).   
 
Intubation is commonly performed in hospital; in theatres and Emergency 
Departments (EDs), predominantly by anaesthetists or ED doctors, with the ultimate 
aim of enhancing patient care (Steel, 2005).  In the out-of-hospital care environment 
it is often paramedics, as initial responders to emergency situations, who are required 
to perform ETI to provide patients with safe, effective treatment (Peate, 2015).  
Paramedics (and other prehospital care providers) have carried out the critical 
intervention for a number of years, not only to maintain patient safety, but to 
optimise service delivery and contribute towards effectual professional practice. 
 
There is much debate around whether ETI is required during cardiac arrest 
management and whether paramedics should carry out this skill in practice (Nolan 
and Soar, 2008; Lyon et al., 2010; Hasegawa et al., 2013; Mulder et al., 2013; 
McMullan et al., 2014; Taylor et al., 2016; Carlson and Wang, 2017).  There are 
studies that argue against intubation, finding that it does not improve cardiac arrest 
survival rates or good neurological outcome following cardiac arrest (Egly et al., 
2010; Kajino et al., 2011; Jeong et al., 2016).  This said, many studies have shown 
that performing ETI can improve patient outcomes and chances of survival, providing 
it is performed in a timely, proficient manner (Cook et al., 2011; Shin et al., 2012; 
Wang et al., 2012; McMullan et al., 2014; Benoit et al., 2015; Kang et al., 2015).   
 
Alongside the above, there is a body of evidence suggesting that paramedics may 
not be the best people to perform the skill of intubation (Katz and Falk, 2001; Garza 
                                         
1 Also referred to as intubation. 
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et al., 2003; Wang et al., 2005b; Deakin et al., 2009; Arslan et al., 2010; George et 
al., 2012).  The main reasons these authors suggest this corresponds to the number 
of complications and impediments associated with ETI, which hinder the effectiveness 
of the intervention, some of which relate to the uncontrolled nature of the out-of-
hospital care environment (Warner et al., 2009; Hubble et al., 2010; Cook et al., 
2012; Henlin et al., 2014).   
 
Accessing patients in unconventional positions or locations is a problem prehospital 
care providers might have to overcome (Hubble et al., 2010; Henlin et al., 2014).  
Patient variations are vast, which can complicate intubation given different 
anatomical and physiological patient presentations (Goldman and Ferson, 2005; 
Wang et al., 2005a; Ollerton et al., 2006; Perry and Morris, 2008; Warner et al., 
2009).  A considerable amount of training and development is required to establish 
the skill and prevent skill-fade.  The training paramedics receive is inconsistent and 
skill maintenance is contentious (Deakin et al., 2009; Strote et al., 2009), further 
exacerbated by the often-low exposure to regular tracheal intubation (Henlin et al., 
2014).  In agreement with this statement is the JRCALC Airway working group 
(2008), who indicate that in practice most paramedics perform ETI an average of 
one to three times a year.  Obstructions in the airway (due to fluid), difficulties in 
viewing the vocal cords and airway trauma are further complications that can lead to 
ineffective intubation (Cook et al., 2012; Freund et al., 2012).  Essentially, an 
ineffective intubation (such as unrecognised oesophageal intubation or prolonged 
intubation attempts) can lead to hypoxic brain damage or death (Wang et al., 2011; 
Xanthos et al., 2012).   
 
However, the reality is that whilst ETI is recommended for patients in cardiac arrest, 
despite the complications and impediments, paramedics are required and expected 
to intubate patients in the prehospital environment if appropriate, as they are the 
only healthcare professionals available.  This is reinforced by national guidelines 
(Resuscitation Council, 2015; Brown et al., 2016) and local policies (North West 
Ambulance Service (NWAS), 2017; East Midlands Ambulance Service (EMAS), 2018), 
which recommend ETI for patients in cardiac arrest as part of advanced life support 
interventions.  There is however a lack of evidence to suggest how the above policies 
and guidelines are best applied or implemented by paramedics, to enhance the 
effectiveness of ETI in out-of-hospital cardiac arrest (OHCA) and improve outcomes 
for patients.  Similarly, there is an absence of evidence that captures the views of 
paramedics on ETI and potential methods of improving practice.     
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Alternative intubating devices and methods have been developed and introduced to 
clinical practice to increase the effectiveness of ETI (Smith et al., 1999; Maldini et 
al., 2016; Ducharme et al., 2017).  They can make intubation feasible in extreme 
situations, such as awkward patient positions, environmental constraints and difficult 
airway views.  The devices have been found to decrease the number of attempts 
required for successful intubation and therefore increase the speed of endotracheal 
tube (ETT) placement in the trachea, simultaneously reducing the likelihood of other 
complications (Maldini et al., 2016).  At the same time, the difficulties of effectively 
inserting an ETT with concurrent chest compressions can also be overcome with 
alternative intubation devices (AIDs), by offering better control of the tube (Aziz, 
2013; Truszewski et al., 2016).  Furthermore, these devices have the potential to 
compensate for differences in levels of skill, competence and experience.   
 
The research project has been designed to investigate airway management and ETI, 
as well as examine the use of AIDs in the out-of-hospital environment by paramedic 
practitioners.  Exploring paramedics opinions of ETI and examining methods to 
potentially overcome complications and impediments, is aimed at enhancing 
paramedic practice and improving patient care by adding to existing knowledge in 
this field. 
 
 
1.2 Aims, objectives and outline of thesis 
Given the preceding introduction to airway management and ETI, particularly in the 
out-of-hospital environment, the intentions of the research and how these will be 
achieved are presented in the form of four aims and corresponding objectives.      
 
Aim 1) Identify current practice relating to airway management and endotracheal 
intubation in the out-of-hospital environment. 
 a) Explore the current evidence available 
 b) Investigate current practice in a specific area of the UK 
 
Aim 2) Ascertain paramedics’ opinions on airway management and endotracheal 
intubation in the out-of-hospital environment. 
a) Investigate current practice according to UK paramedics  
b) Identify any associations between opinions and demographic data 
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Aim 3) Examine and compare the ability of paramedics to effectively use 
alternative intubation devices (AIDs). 
a) Examine paramedics using AIDs in terms of first-time successful intubation 
b) Examine paramedics using AIDs in terms of intubation time 
c) Examine paramedics using AIDs in terms of adverse effects  
 
Aim 4) Investigate the preferences of paramedics for alternative intubation devices  
a) Investigate preference of devices according to paramedics’ opinions  
b) Identify any associations between preferences and demographic data 
 
The research project was designed to meet these aims and objectives and the thesis 
unfurls as follows.  Chapter One defines the key terms used throughout the thesis 
and sets the context to inform the reader of the importance and requirement for 
additional research in the field of ETI and alternative intubation methods.  An 
explanation of airway management processes and methods used in practice both in 
and out of hospital, has been offered, succeeding the aims and objectives (Sections 
1.3-1.4).  Chapter Two discusses reviews of the literature which were undertaken to 
determine the evidence for and against the use of ETI for patients in cardiac arrest 
and establish the existing evidence about the use of alternative intubation methods 
by paramedic practitioners.  Key themes emerged relating to patient outcomes, 
success rates of airway management techniques, time to ventilation and paramedics’ 
opinions of AIDs when used in practice.  The literature reviews identified certain gaps 
in available evidence that this research project sought to fill.   
 
The methods of a three-stage approach are discussed and justified in Chapter Three.  
This chapter offers an in-depth account of the data collection methods applied within 
the thesis, including sample recruitment and approaches to data analysis at each 
stage.  A case note review was carried out in order to identify current airway 
management techniques, including the frequency and success rate of ETI, in the out-
of-hospital environment.  An opinion survey was used in stage two, to seek 
paramedic opinions of ETI in out-of-hospital cardiac arrest.  In the final stage, an 
experimental comparative study, four alternative intubation methods were examined 
and compared, whilst gaining paramedics’ opinions of the devices.  The ethical 
considerations for the research are offered at the end of Chapter Three (Section 3.5).   
 
The results of the analytical methods described for each stage of the research project 
are presented in Chapter Four.  The results from the case note review and opinion 
survey are presented in turn (as well as in conjunction with other) and form the basis 
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of discussion around airway management and ETI in prehospital care by paramedics.  
The findings of the comparative study are presented and clarified in the form of short 
narratives, graphs and tables in Section 4.4.  This section of the results presents the 
examination and comparison of alternative intubation devices when used by 
paramedics, as well as the correlations with demographic information and paramedic 
preferences.         
 
Chapter Five offers a comprehensive discussion exemplifying airway management, 
ETI and alternative intubation methods.  Numerous concepts are explored and 
discussed, including airway management techniques, success rates, time to intubate 
and paramedics’ opinions.  The discussion synthesises the findings from the literature 
reviews presented in Chapter Two with the results from each stage of the author’s 
research, specifically relating these to airway management practices by paramedics 
in the out-of-hospital care environment.  The final chapter revisits the research aims 
in summarising and concluding findings and discussion of the thesis.  Contributions 
to knowledge, suggestions for further study and recommendations for practice are 
made, as well as a summary of the research limitations.   
 
 
1.3 Airway management in patient care 
The assessment and management of a patients’ airway is the foremost element of a 
clinical care episode (The Advanced Life Support Group, 2001).  It is imperative to 
ensure a clear airway is obtained and maintained, to allow for ventilation, 
oxygenation and life (American College of Surgeons, 2011).  For patients who have 
a compromised airway, due to trauma, being unconscious or in cardiac arrest; 
interventions are required to open and maintain the airway.  In clinical practice, these 
interventions include manual manoeuvres, simple adjuncts, supraglottic airway 
devices and ETTs, which are used in a systematic order to manage a patients’ airway 
(Figure 1-1) (Resuscitation Council, 2015).   
 
Figure 1-1: The step-wise approach to airway management used in clinical 
practice 
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Once a patent airway is established, a self-inflating bag is used to ventilate a patient 
(if required) (Dorges et al., 2003).  With simple adjuncts such as oropharyngeal and 
nasopharyngeal airways, a mask is connected to the bag and a seal created around 
the patients’ mouth and nose.  With this technique, it is inevitable that air will be 
pushed in to the stomach due to human anatomy (Smally et al., 2002).  Hyper-
gastric inflation is likely to cause the patient to regurgitate, or vomit, particularly if 
they require chest compressions as part of the cardiac arrest management algorithm 
(Resuscitation Council, 2015; Jabre et al., 2018).  By replacing a simple adjunct with 
a supraglottic airway (SGA), the chances of pushing air into the stomach are much 
less2, as the self-inflating bag can be connected directly to the SGA device 
(Ramachandran and Kumar, 2014). 
 
Supraglottic devices sit on top of the glottis (Figure 1-2 illustrates this (Premier 
Healthcare and Hygiene Ltd, 2014)).  Advantages include; quick insertion times; high 
success rates and maintenance of adequate oxygenation and ventilation in some 
cases (Guyette et al., 2007; Cook and Howes, 2011; Fawzy et al., 2012).  Experience 
and extensive use of the devices [by healthcare professionals] is not required for 
efficiency and the interruption of chest compressions is minimal when used in cardiac 
arrest (Häske et al., 2013), particularly when compared to ETI (Wang et al., 2009b).  
This is of considerable value, as during OHCA of cardiac origin in adults, significantly 
interrupting chest compressions for the purposes of advanced airway management, 
may have a negative impact on patient survival and neurological outcome (Bobrow 
and Spaite, 2009; Wang et al., 2009a; Henlin et al., 2014).   
     
Figure 1-2: Lateral view of a supraglottic airway situated in the upper 
airway3 
                                         
2 although the evidence is conﬂicting regarding increased risk of hypergastric inflation when 
SGAs are used (Yu and Beirne, 2010). 
3 Image reference: Colombage (2014). 
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However, for all their benefits, SGAs do not wholly protect the lungs from foreign 
body entry or aspiration, which occurs in three quarters of patients in cardiac arrest 
(Simons et al., 2007; Piegeler et al., 2016; Jabre et al., 2018).  Regurgitation and 
subsequent aspiration, is associated with decreased chances of survival from cardiac 
arrest, alongside poor neurological outcome (Piegeler et al., 2016).  This said, SGA 
devices have evolved in complexity and functionality through new generation 
designs; they have become easier to use and should provide protection against 
aspiration of gastric contents (Guyette et al., 2007; Williams et al.,2013).  Still, 
higher peak inspiratory pressures would be required when using a SGA to overcome 
laryngospasm (sometimes present in patients at the early stage of cardiac arrest), 
which might exceed the maximal seal pressures of the SGA causing a significant leak 
or ineffective ventilation (Guyette et al., 2007; Henlin et al., 2014).  Leaks have also 
found to be present with SGAs with ongoing chest compressions, as well as 
ineffective in providing controlled ventilation in patients with very low chest 
compliance and high rigidity (Häske et al., 2013).  Interventions that can prevent 
these occurrences, such as the insertion of an ETT, may improve patient outcomes 
following cardiac arrest (Cook et al., 2011; Wang et al., 2012; Benoit et al., 2015).  
This said, the ideal method for managing the airway during OHCA remains an area 
of controversy (Carlson and Wang, 2017) and the arguments for and against the use 
of SGAs and ETTs have been investigated in a number of studies (see Section 2.2).   
  
 
1.4 Endotracheal intubation 
Endotracheal intubation is the technique used to insert an ETT into a patients’ 
trachea, securing their airway, whilst enabling free flow of air directly to the lungs 
and diminishing the risk of aspiration, hypoxia and hyper-gastric inflation (Asai, 
2012; Nicholson et al., 2013).  It is historically carried out using a standard rigid 
blade laryngoscopy technique, with Macintosh (curved), Miller (straight), or McCoy 
(articulating tip) blades (Foregger, 1966).   
 
Performing the skill requires preparation of the necessary equipment, preparing the 
patient by opening the airway with manual manoeuvres and simple adjuncts (see 
previous Section 1.3) and pre-oxygenating the patient as best possible (Pandit et al., 
2003; Weingart, 2011; Jung et al., 2012).  The patients’ head should be placed into 
the levitan position (see Figure 1-3) (Levitan et al., 2003) and a laryngoscope used 
to visualise the vocal cords (by lifting the tongue and epiglottis forward and laterally).  
A gum elastic bougie is inserted through the vocal cords and into the trachea (Latto 
et al., 2002; Morton et al., 2002).  The ETT is then introduced over the top of bougie, 
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whilst maintaining visualisation of the vocal cords and watching the tube pass 
through the vocal cords into the trachea (Figure 1-3) (Macintosh, 1949).    
 
 
Figure 1-3: The process of endotracheal intubation 
 
Performing ETI on patients in practice can be difficult due to anatomical differences 
in airways, the clinical care environment, application of chest compressions and the 
skill level of practitioners (Warner et al., 2009; Hubble et al., 2010; Cook et al., 
2012; Henlin et al., 2014).   
 
1.4.1 Difficulties with patients’ airways  
One of the difficulties when carrying out ETI, is the variation in anatomy and often 
unconventional presentation of patients (Frascone et al., 2011).  Older or bigger 
patients, those with pre-disposing conditions or comorbidities, or head or facial 
injuries, may need alternative management to overcome physiological differences 
(Goldman and Ferson, 2005; Wang et al., 2005a; Ollerton et al., 2006; Perry and 
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Morris, 2008).  It will often be the inability to obtain a view of the glottis during 
laryngoscopy, with the afore-mentioned hindrances, that will impede intubation, 
leading to prolonged attempts and misplaced ETTs (into the patients’ oesophagus) 
(Katz and Falk, 2001; Wang and Yealy, 2006a).  Mismanagement of and 
complications in airway management compromise patient care and add extra strain 
on the National Health Service (NHS) and local service providers, increasing the 
resources required to counteract any complications (Wang et al., 2010).   
 
For a higher likelihood of successful intubation, a full view into the airway and of the 
glottis is required.  The Cormack-Lehane classification system is a method of grading 
the difficulty of views, relating to visibility of the glottis (Cormack and Lehane, 1984; 
Yentis and Lee, 1998); grade I being the best view (Figure 1-4).   
 
4 
Figure 1-4: Cormack-Lehane grade classification of the airway view during 
direct laryngoscopy 
 
Alongside the clinical patient-related impediments to successful intubation, the 
environment in which patients are cared for, including patient position or 
accessibility, can also hinder intubation (Hubble et al., 2010).     
 
1.4.2 The prehospital or out-of-hospital care environment  
Ambulance services and health care professionals have been called to respond to 
emergencies in the United Kingdom (UK), since before the founding of the National 
Health Service in 1948.  Patients present in a variety of places, medical states and 
conditions, with personal expectations. Due to the urgent and episodic nature of 
emergency calls, responders do not have the luxury of developed patient and care-
provider relationships and are often required to provide care in a patients’ best 
interests (Blaber, 2012).  The nature of ambulance service response and paramedic 
practice has evolved over time, with the development of additional skills and use of 
                                         
4 Picture from MD Nexus (see reference list) 
Epiglottis 
         Vocal cords 
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alternative care pathways when indicated, to prevent patients from travelling to an 
ED (thus providing out-of-hospital care) if possible.  In emergency situations, 
patients may well require care interventions and transport to hospital, for instance if 
they are in cardiac arrest and being resuscitated (thus receiving prehospital care).  
Due to the nature of the clinical topics discussed; the terms ‘prehospital’ and ‘out-
of-hospital’ are used equivalently throughout this thesis.   
 
1.4.3 Out-of-hospital cardiac arrest 
It is estimated that 60,000 patients suffer an out-of-hospital cardiac arrest (OHCA) 
each year in the United Kingdom (UK), around half of which are treated by emergency 
services (Resuscitation Council, 2014).  These patients are unable to protect their 
airway and rely on emergency care providers to instigate resuscitative interventions, 
including airway management.  Data from the Warwick out-of-hospital cardiac arrest 
registry indicated that less than half (47%) of these patients receive a resuscitation 
attempt by UK ambulance services (The University of Warwick, 2018) with survival 
to hospital discharge rates ranging from 2% to 12% (Perkins and Cooke, 2012).  In 
2016, London Ambulance Service (LAS) attended 10,116 patients in cardiac arrest, 
with just under a third of these patients surviving to leave hospital.  This is attributed 
to the defibrillator accreditation scheme and specialist cardiac centres in London 
(LAS, 2018).  The chain of survival indicates that early chest compressions and 
defibrillation are key to survival, maintaining cardiovascular support.  Alongside this, 
airway management is essential to allow ventilation and subsequent delivery of 
oxygen, conveyed to body cells throughout cardiopulmonary resuscitation (CPR) 
(Henlin et al., 2014).  
 
Current research provides contradictory evidence for the best method of airway 
management during cardiac arrest (Hasegawa et al., 2013; McMullan et al., 2014).  
Some researchers have found that ETI is associated with improved survival rates and 
neurological outcomes compared to other methods of airway management (Wang et 
al., 2010; Cook et al., 2011; Shin et al., 2012; Wang et al., 2012; Tanabe et al., 
2013; Benoit et al., 2015; Kang et al., 2015).  However, others have found that when 
paramedics carried out the skill in practice, failed and prolonged attempts negatively 
affected patient outcomes (Kajino et al., 2011; Mulder et al., 2013; Henlin et al., 
2014).  In particular, Henlin et al. (2014) found that attempted intubation may cause 
significant interruptions to chest compressions, whilst the Resuscitation Council 
(2015) suggest uninterrupted chest compressions are required during the 
resuscitation of non-traumatic cardiac arrests.  The pause in chest compressions, to 
insert an airway adjunct (including an ETT or SGA) should be less than five seconds, 
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with attempts to intubate being no longer than 30 seconds (American Heart 
Association, 2012; Difficult Airway Society, 2015).  Thus, intubation should be well 
practiced to ensure the best chance of effective execution of the skill.   
 
1.4.4 Paramedic professional practice 
Paramedic skill set has grown and there are currently two training routes to gain 
registration as a paramedic with the regulating body (the Health and Care Professions 
Council (HCPC)).  These include higher education institute (HEI)5 training, following 
an accredited curriculum, or in-service training, following the IHCD (Institute of 
Health and Care Development) programme.  Paramedics that take the in-service 
training route may add to their professional qualification, by studying for an academic 
qualification at an HEI.  With both training routes, paramedics demonstrate 
competence with ETI skills across the country and are encouraged to maintain this 
skill with continued professional development (CPD) time (HCPC, 2012).  This said, 
the best methods for achieving and assessing the intubation skills of paramedics are 
unclear (Carlson and Wang, 2017).   
 
Advanced skills such as ETT insertion, require a considerable amount of training and 
development to establish the skill and prevent skill-fade (Deakin et al., 2009; Strote 
et al., 2009) and to ensure paramedics remain up to date with current evidence, 
research developments and changes in practice.  However, there is significant 
variation within the evidence and no national mandated standard relating to the 
development of competence in intubation (College of Paramedics, 2018).  Clinical 
competence is particularly important when providing care and delivering clinical 
interventions in stressful, uncontrolled conditions, to enhance and provide best 
evidence-based care, whilst minimising risks and complications (Wang and Yealy, 
2006b).  
 
Much as there are guidelines, policies and evidence suggesting ETI is a requirement 
for patients in cardiac arrest, alongside the notion that paramedics are best placed 
to carry out the intervention in the out-of-hospital environment, there are few studies 
that investigate the perceptions and abilities of paramedics (see Chapter Two).   
 
  
                                         
5 Also referred to as University   
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1.4.5 Alternative intubation methods 
When executed in the prehospital environment, ETI is not without associated 
complications (Section 1.3) and there is evidence to suggest that some of these 
complications could be counteracted with alternative or assisted intubation devices.  
These enable management of the unpredicted difficult airway and some can increase 
success rates of intubation, by providing an enhanced view of the vocal cords despite 
patient anatomy, physiology, comorbidities and presenting complaints.   
 
A range of devices and methods are used in clinical practice, by a variety of 
healthcare professionals, to help ensure an effective intubation (Appendix-i).  Video 
and fibre optic laryngoscopy are two methods of alternative intubation, both involve 
viewing the airway on a separate video screen or on the end of laryngoscope.  They 
optimise airway views and success rates of intubation (Smith et al., 1999; Maldini et 
al., 2016; Ducharme et al., 2017) and have been used in the anaesthetic room or by 
anaesthetists for a number of years. Flexible scope fibre optic intubation is 
considered the gold standard intubation technique in American theatres (Sowers and 
Kovacs, 2016).  Other devices, such as the intubating laryngeal mask airway (iLMA) 
and retroglottic devices, allow for blind intubation, speeding up advanced airway 
management procedures with minimal adverse effects (Brown et al., 2017).   
 
Throughout this thesis, these methods and devices shall collectively be termed 
alternative intubation devices (AIDs) with the process referred to as intubation (given 
the nature of inserting a tube to enable ventilation).  Currently, practitioners are 
using AIDs in practice, to manage difficult and standard airways in hospital theatres 
and EDs across the world (Difficult Airway Society, 2015).  In the prehospital 
environment and military services; critical care paramedics, army medics and doctors 
have been researching and using AIDs as rescue methods, as well as first-line 
intubation techniques (Wallace et al., 2017).  In the UK, ambulance services and 
frontline paramedics are not commonly using AIDs in practice.  This could be due to 
limited evidence focussing on paramedics and ETI (including AIDs) in the UK, to 
prove or disprove the benefit of its use in prehospital care.      
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Chapter 2 Literature Review 
 
2.1 Introduction 
Chapter Two offers the context for the thesis, drawing from academic, policy and 
third sector literature. At the outset of the project, two literature reviews were 
undertaken using five databases6 relevant to the area of study.  The first review 
investigated the use of endotracheal intubation (ETI) in out-of-hospital cardiac arrest 
(OHCA). The second looked at the use of alternative intubation devices (AIDs) by 
paramedics.  PRISMA7 guidelines were followed to identify and select appropriate 
studies and produce a narrative review of the literature that is in context with the 
previous and following chapters of the thesis (after Moher et al., 2009).  Whilst 
Chapter One provided the framework and rationale for the review, explicit questions 
underpinned both literature searches in Chapter Two.  Eligibility criteria were 
developed and used alongside a range of search terms to select relevant, applicable 
studies for examination (after Moher et al., 2009; O’Connor et al., 2011; Booth et 
al., 2016).  The studies selected in each review are drawn from a broad range of 
literature and the results of study selection and characteristics are presented in the 
corresponding sections of Chapter Two (Sections 2.2 and 2.3).  Following reading the 
studies, a table was used to enable the presentation of the study details, any 
individual risk of bias within them, summary measures and key findings.  Structured, 
comprehensive critiquing methods were employed, to gain understanding of the 
concepts and allow for comparative evaluation of the studies (Burns and Groves, 
1987; Morrison, 1991; Webb and Roe, 2007).  A summary of the main findings are 
presented, with an assessment of any bias that may have affected the cumulative 
evidence (after Moher et al., 2009).   
 
In the first review a large focus on the comparison between Endotracheal Tubes 
(ETTs) and supraglottic airway devices (SGAs) has been acknowledged (Section 2.2).  
In the second, the focus was the use of alternative intubation devices (AIDs) by 
paramedics, whereby three key themes emerged; the success rate of AIDs; time 
taken to intubate; and paramedics’ opinions of the devices (Section 2.3).     
 
 
  
                                         
6 Medline, CINAHL, AMED, Computers and Applied Sciences Complete and Education 
Research Complete were the data bases used.   
7 Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 
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2.2 Endotracheal intubation or supraglottic airway devices 
To underpin the initial aim of the research: to identify current practice relating to 
airway management and endotracheal intubation in the out-of-hospital environment, 
a global review of the literature was undertaken to answer the question ‘is ETI 
superior to a SGA in OHCA?’.  The methods followed PRISMA guidelines (Moher et 
al., 2009) (see Appendix-ii) and the number of studies screened, assessed for 
eligibility and included in the review are illustrated in Figure 2-1 and Appendix-iii.   
 
 
Figure 2-1: Prisma diagram to illustrate the number of studies screened and 
included in the initial literature review   
 
Most published studies were non-randomised or retrospective citing ethical reasons 
for this, see for example Egly et al., 2010; Wang et al., 2010; Tanabe et al., 2013; 
Dyson et al., 2017. A number of studies reviewed existing data or used meta-analysis 
methods (Wang et al., 2012; McMullan et al., 2014; Benoit et al., 2015; Jeong et al., 
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2016).  Key findings related to patient outcomes and the effectiveness of the airways, 
between which associations were found.  Some authors found that effectively 
managing an airway will lead to improved patient outcomes, which have been 
measured by return of spontaneous circulation (ROSC) and survival to discharge with 
good neurological outcome (Section 2.2.1).  Effectiveness was also determined by 
success rate and time taken to intubate or insert a device in some studies, though 
the airway management method that proved most effective was not consistent 
throughout the studies (Section 2.2.2).  Some researchers considered confounding 
and influencing factors such as patient demographics and the level of paramedic 
experience.  The main themes arising from these studies are described below 
(Sections 2.2.1 and 2.2.2).  
 
2.2.1 Patient outcomes  
A number of studies considered patient outcomes in terms of sustained ROSC, 
survival to hospital admission and or discharge and the level of neurological integrity.  
Henry Wang has carried out a number of studies with colleagues (Wang and Yealy, 
2006b; Wang et al., 2010; Wang et al., 2012), investigating ETI and airway 
management during OHCA.  In 2010 their retrospective analysis of 62,586 patients 
found that the adjusted odds of survival were higher for intubated patients, though 
this study only accounted for successful intubations.  This may have impacted results 
as it was previously recognised by Wang that up to 15% of out-of-hospital ETI efforts 
may fail, potentially increasing time without oxygen and interruptions to CPR in the 
patients without an ETT.  This is similar to the study by Tanabe et al. (2013) who 
carried out a vast nation-based observational study in Japan comparing outcomes of 
patients receiving either an ETT or SGA.  The use of SGAs was associated with 
significantly worse neurological outcome than ETI, though the devices documented 
were those in use on arrival to the hospital, rather than those intended for use in the 
field.  Therefore failed ETI attempts were either excluded or could be grouped in the 
SGA use, thus potentially skewing results and misrepresenting out-of-hospital 
practice.   
 
Egly et al. (2010) studied the influence of prehospital intubation on survival of 
patients with OHCA; their retrospective analysis included 1,515 cases of OHCA.  
Patients with ventricular fibrillation or ventricular tachycardia who were intubated 
showed lower survival rate to discharge while, in the whole cohort, there was no 
difference found between intubated and non-intubated subjects.  Similar results were 
found in an observational, population-based cohort study that used a prospective, 
cohort database (Kajino et al., 2011) in Japan.  A total of 5,377 patients received 
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either an ETT (31%) or SGA (69%).  Findings indicate no differences in either survival 
or incidence of good neurological outcome between either method.   
 
In comparison, McMullan et al. (2014) considered all the aforementioned patient 
outcomes whilst reviewing over 10,000 cases from the Cardiac Arrest Registry to 
Enhance Survival (CARES) database8.  ETI achieved higher sustained ROSC, survival 
to hospital admission and discharge with good neurological outcome, in comparison 
to those patients who received a SGA.  The year before, Wang et al. (2012) had used 
similar methods and performed a secondary analysis of data related to airway 
management. Data was from the Resuscitation Outcomes Consortium (ROC) 
Prehospital Resuscitation using an Impedance valve and an Early vs. Delayed 
analysis (PRIMED) trial9.  The authors used the data from a similar sized sample to 
that of McMullan et al. (2014) to perform multivariable logistic regression and 
adjusted for confounders.  The results indicate that successful ETI was associated 
with better early survival and higher hospital discharge rates, compared to when a 
SGA was inserted during OHCA.  In both studies the numbers of ETT, SGA and simple 
adjuncts used were uneven across the cases, with a higher proportion of patients 
being intubated, which could have positively skewed results.  Also, in Wang et al.’s 
study the data did not account for any errors during airway management such as 
ETT misplacement or duration of airway insertion attempts, exacerbating one of the 
limitations in observational studies to compare outcomes between ETI and SGA.   
 
The suggestion that a higher proportion of airways used in one group of patients 
skewed results is not supported when reviewing other studies that compared ETI to 
the use of a SGA or simple adjuncts with a bag-valve-mask (BVM).  Kang et al. 
(2015) used multivariate logistic regression in 32,513 patients and Shin et al (2012) 
studied the outcome of 5,278 patients in OHCA.  In both studies there were a higher 
proportion of patients in the BVM group (91% and 88% respectively).  The results 
from both found the odds of neurologically favourable survival to discharge was 
significantly higher in the ETI groups, compared to the BVM and SGA groups.  In 
further support, the study by Piegler et al. (2016) found that during cardiopulmonary 
resuscitation (CPR), ETI offers superior protection against regurgitation and 
pulmonary aspiration of gastric contents than SGA devices or bag-valve ventilation, 
                                         
8 The CARES registry evaluates only OHCA events of presumed cardiac aetiology that involve 
persons who received resuscitative efforts, including CPR or defibrillation (McNally et al., 
2011). 
9 The ROC PRIMED study was one of the largest prospective out-of-hospital controlled trials 
ever performed, testing the effects of two strategies of electrocardiogram (ECG) analysis and 
the impedance threshold device upon outcomes after OHCA (Aufderheide et al., 2011; Stiell 
et al., 2012) 
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thus leading to greater chances of survival (see also Benoit et al., 2015 and Jabre et 
al., 2018).   
 
In an attempt to determine the comparative effectiveness of ETI versus SGA during 
OHCA, Benoit et al. (2015) carried out a large meta-analysis study.  All of the studies 
evaluated by the authors were observational and of low or very low quality of 
evidence (Carlson and Wang, 2016).  Benoit et al. found that patients who received 
ETI had statistically significant higher odds of ROSC, survival to hospital admission 
and neurologically intact survival compared to SGA.  In comparison, a Korean meta-
analysis review (Jeong et al., 2016) found a decrease in survival rates in patients in 
cardiac arrest when a SGA or ETT was used (rather than a BVM with simple adjuncts).  
However, this study could not exclude paediatric patients, which could have 
influenced results given that paediatrics in OHCA have better outcomes than adults, 
despite decreased frequency (Berg et al., 2008; Nitta et al., 2011).  At the same 
time paediatric cardiac arrests predominantly follow respiratory arrests, of which 
simple airway adjuncts can be more effective during management (Hansen et al., 
2017; Jones et al., 2017).    
 
As the majority of these studies used large amounts of observational data, which can 
help understand airway management strategies and identify areas for further study, 
the methods are not always able to account for all the sources of potential bias 
(Carlson and Wang, 2016) and potential confounding factors based on clinical 
considerations (Goldman and Ferson, 2005; Wang et al., 2005a; Ollerton et al., 
2006; Perry and Morris, 2008).  A randomised design is better suited, such as the 
REVIVE study which indicates that a prospective trial of alternative airway 
management strategies in OHCA, cluster randomised by paramedics, is feasible 
(Benger et al., 2016).  Further studies are investigating the comparison of ETI and 
SGA devices using RCT methods (Taylor et al., 2016) with data analysis to be 
completed.  Additionally, influencing factors such as the amount and type of training 
paramedics have undergone, their experience and proficiency in performing effective 
airway management for patients in OHCA, have been found to affect ETI in the 
prehospital environment (Deakin et al., 2009; Stroke et al., 2009; Wang et al., 
2010).  There are RCTs and other studies that investigate ETT placement time and 
success rates which was a second theme that emerged during this literature review, 
with reference to complications during airway management, including ETI, by 
paramedics.     
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2.2.2 Effectiveness of endotracheal intubation by prehospital paramedics 
The effectiveness of ETI has been related to patient outcomes (see above) which 
relies on precise and successful advanced airway management.  In 2009, Wang et 
al. investigated errors in ETI, finding that the key error events were ETT 
misplacement or dislodgement, multiple ETI attempts and failed ETI.  These errors 
were not directly linked to increased mortality, though failed ETI was associated with 
increased odds of pneumonitis.  In addition, from their review, Henlin et al. (2014) 
established that attempts for tracheal intubation can be timely (and may cause 
significant interruption to chest compressions during CPR for patients in OHCA), 
which can negatively affect patient outcomes.  However, Henlin et al. also surmise 
that the insertion of a SGA in OHCA is probably associated with worse patient 
outcomes than other methods of airway management.  This phenomenon was further 
investigated by other researchers; Kajino et al. (2011), Frascone et al. (2011) and 
Mulder et al. (2013).  Kajino et al. used a prospective cohort design with 5,377 
patients and found time to insert an ETT was significantly longer than a SGA (the 
time referred to the time from patient collapse to insertion of an airway).  Frascone 
et al. carried out a prospective randomised prehospital clinical trial and found that 
overall placement success rates were equal, though with no statistical significance in 
median time to placement. On the other hand, Mulder et al.’s randomised controlled 
trial (2013) found that when a SGA is placed by paramedics, it is faster, safer and 
thus more effective than ETI.  An advantage of this study is that both groups of 
patients (ETT or SGA) were comparable in terms of sex, age and the starting of chest 
compressions (CPR).  The latter two studies had relatively small sample sizes in 
comparison to other studies, though the RCT methods were useful to compare the 
two airway management methods.   
 
Wang and colleagues had considered Emergency Medical Service (EMS) personnel 
experience in ETI in relation to patient survival, in a large retrospective analysis 
(Wang et al., 2010).  This method does not come without its limitations, such as 
using case note data without unique identifiers.  The authors acknowledge this and 
attempt to overcome this with broadening the sample and geographical area, as well 
as using longitudinal methods.  Their adjusted odds (accounting for variations in 
severity of illness only) of survival were higher for patients intubated by personnel 
with very high ETI experience and it is established that ETI in the hands of 
experienced operators is still a reliable method.  This was further investigated in 
2017 by Dyson et al., who found that previous intubation experience was associated 
with intubation success and first pass success rate though not with patient survival.  
Their study used a retrospective case note analysis method as well as gathering 
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information on paramedic experience.  Logistic regression estimated the association 
of intubation experience to successful intubation (95%) and first pass success (80%), 
indicating experience influences the effectiveness of ETI and could be further 
investigated.   
 
Another study evaluated the number of attempts needed for successful tracheal tube 
placement in the prehospital setting (Wang and Yealy, 2006a).  More than one 
attempt was required in more than 30% of patients. Cumulative success rate in OHCA 
for the first three intubation attempts was 69.9%, 84.9%, and 89.9%, respectively.  
However, the success rate for tracheal intubation was significantly higher in OHCA 
patients than in the scenario of non-arrested subjects requiring sedation.  This infers 
that ETI can be successful for patients in cardiac arrest (CA) and influencing factors 
should be considered.   
 
A range of alternative intubation devices (AIDs) or methods are available to help 
improve the effectiveness of ETI, despite the level of paramedic experience.  These 
have been found to decrease complications during ETI (Smith et al., 1999; Maldini 
et al., 2016; Ducharme et al., 2017), though their use in the out-of-hospital 
environment is not common practice in the UK.  The following section in this Chapter 
offers a summary of the findings in the literature of the effectiveness of AIDs (success 
rate and time to intubate) when used by paramedics for patients in OHCA.  An 
additional theme relating to paramedics’ opinions of the devices was apparent and is 
also discussed (Section 2.3.3).   
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2.3 Paramedics using alternative intubation devices in the out-of-
hospital environment 
 
The third and fourth aims of the author’s thesis are: to examine and compare the 
ability of paramedics to effectively use AIDs and investigate the preferences of 
paramedics for AIDs in the out-of-hospital care environment.  In order to address 
these, a literature search was designed to answer the question ‘ is there a difference 
in effectiveness between alternative intubation devices when used by paramedics in 
the out-of-hospital environment?’.  The literature search methods can be found in 
Appendix-iv and are illustrated in Figure-2.2.  The studies reviewed reflect different 
country settings, several methods and both mannikin and real patient studies (see 
Appendix-v). 
 
Figure 2-2 Prisma diagram to illustrate the number of studies screened and included 
in the second literature review   
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Results identified just three studies that have been carried out in the UK, two in 
Northern Ireland (Nasim et al., 2009a and b10) and one in England (Butchart et al., 
2011).  Broadly, the studies compared two different types of AIDs, though one study 
(Wallace et al., 2017) compared a range of video laryngoscopes (VLs) only.  The 
majority compared a SBL (Mackintosh or McCoy blade) to a VL, a further three 
evaluated a retroglottic device in comparison to a SBL and the final two compared a 
fibre optic device or the intubating laryngeal mask airway (iLMA).   
 
2.3.1 Success rates   
Several studies found a standard blade laryngoscope (SBL) to be more successful 
than other methods (Arima et al., 2013; Russi et al., 2013; Truszewski et al., 2016).  
Arima et al. (2013) carried out a RCT and found that first time success rate was 
considerably lower with a VL (46%) than a standard blade (75%) (p=0.002).  Their 
sample of 109 patients was over three times larger than Truszewski et al.’s (who 
used cadaver models) using real patients to compare a VL (Pentax AWS) to a SBL.  
A study in the same year, using prospective observational methods, used participants 
who were not over familiar with devices and gave their 50 participants minimal 
training education in using the Airtraq VL (Russi et al., 2013).  Results were not 
statistically significant, though for the 42% of patients where the Airtraq failed to 
assist intubation first time, a SBL aided intubation in 14 out of 21 patients (66.7%).  
Both these studies were carried out on real patients which offers more realistic 
scenarios for intubation.  The researchers who carried out their studies on real 
patients, gave reasons for unsuccessful intubations largely relating to airway 
obstructions, such as blood or vomit in the airway.  These adverse effects would only 
be experienced on real patients, not on cadavers or mannikins, despite the use of 
high-fidelity mannikins.  Airways with secretions and saliva are different to manage 
than dry airways in a mannikin.  This said, the muscle memory or skill acquisition to 
carry out intubation is achievable using a mannikin, with equivalent outcomes to that 
on a real patient (Graham, 2005).  Further research on real patients or mannkins 
would be beneficial to compare alternative intubation devices, though simulation 
studies should be mindful of the lack of bodily fluids as airway obstructions, when 
discussing results.    
 
A SBL was comparable to a VL in a RCT carried out on mannikins by Yildirim et al. 
(2017).  Forty participants used a variety of scenarios and participants had a 100% 
                                         
10 The lead authors are the same for both studies, though additional authors differ (see 
reference list). 
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success rate with the VL and McCoy blades, followed by the Macintosh blade with an 
85% (n=36) success rate (p=0.002).  Other studies also found comparative success 
rates between the SBL and VLs, though with no statistical significance in ultimate 
and first-time success rates (Nasim et al., 2009a and 2009b; Gaszynska and 
Gaszynski, 2014; Bogdański et al., 2015).  Larger studies are likely to allow for a 
higher likelihood of establishing an effect when comparing devices (see Bowling, 
2014) and future studies should make this clear to establish relevance in results.   
 
A randomised comparative study in Poland compared two VL devices (the Airtraq and 
Pentax AWS), recruiting 67 participants (Bogdański et al., 2015).  The authors found 
the AWS the most successful device, with a 79% first time success rate (and 
moderate statistical significance).  In comparison, the Airtraq and McCoy blade 
laryngoscope had respective 67% (p=0.17) and 66% (p=0.19) first time success 
rates.  Second, third and failed attempts were also comparable across the Airtraq 
and McCoy blade, indicating no inferiority between these devices.  The AWS was 
superior in this simulated comparative study (94% success rate), though the Airtraq 
VL similar to the McCoy blade (87% and 85% respectively).  Unfortunately, the lack 
of statistical significance in these results makes applicability to practice difficult.   
 
The lack of statistically significant results in all three studies in 2017, could be due 
to underpowered studies resulting in an effect not being identified.  Smereka et al. 
compared the C-MAC VL and a MBL with 70 participants in normal airway scenarios 
and found 100% first-attempt success rates with the VL and 96% with a MBL 
(p=0.643).  Similarly, Ducharme et al., who compared the King Vision VL to a SBL 
with 83 participants and Hodnick et al., whose participants used a GlideScope 
Ranger, VividTrac and a SBL and completed a total of 281 intubation attempts 
between them, found comparable success rates between devices, with no statistically 
significant differences.  It is noted that success rate across all devices were higher in 
Hodnick et al.’s study (VividTrac 98.5%, GlideScope 100%, SBL 100%) than 
Ducharme et al.’s findings (King Vision 73.3%, SBL 81.1%), though the sample 
groups were uneven in the study by Ducharme et al. (2017), which was carried out 
on real patients, limiting significant comparisons between devices.  Further research 
should recruit sample sizes large enough to detect a medium effect of AIDs (see 
Section 3.4.2), when success is measured.     
 
Similarly, the two studies from Northern Ireland (Nasim et al., 2009a and 2009b), 
compared two VLs to a SBL in each small study, with 21-25 proficient paramedic 
participants.  In their first study, the authors found no statistical significance in the 
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overall success rates between the Airtraq, Truview and a SBL (p=0.597) (Table 2-
1).   
 
Table 2-1: Success rates of devices in the studies by Nasim et al (2009a and 
2009b) 
Method Device  Ultimate 
success rate 
 
First Time 
success rate 
Standard Blade Laryngoscope Macintosh 100% 96% 
Standard Blade Laryngoscope Macintosh 100% 95.3% 
Video Laryngoscope Pentax AWS® 100% 100% 
Video Laryngoscope GlideScope® 100% 96% 
Video Laryngoscope Airtraq® 95% 90.5% 
Video Laryngoscope Truview®  90.5% 66.7% 
 
   
 
The TruView required the greatest number of attempts, with 19% of participants 
needing three attempts, though the Airtraq and a MBL were comparable in terms of 
success rate and number of attempts required.  In their second study, similar success 
rates between the GlideScope, AWS and a MBL were identified (Table 2-1). 
 
In comparison, two retrospective case note analysis studies found moderately 
statistically significant results, with superior success rates with VLs (the King Vision 
and GlideScope Ranger) (Wayne and McDonnell, 2010 and Jarvis et al., 2015).  Both 
studies took into account participant demographic information, to try and minimise 
influencing factors and used 615 and 514 patient records respectively.  Wayne and 
McDonnell found similar overall success rates were found for both methods (97% for 
the VL and 95% for the SBL), though the number of attempts required was less with 
the GlideScope (n=1.2), compared to the SBL (n=2.3) (p=0.05), demonstrating 
improved first-time success rates with the VL.  On the other hand, Jarvis et al. (2015) 
found that the VL was superior in terms of overall success rate (91.5%) and first-
time success rate (74.2%) (p=≤0.01), compared to a MBL which had a 64% ultimate 
and 43.8% first time success rate.  The retrospective, non-randomised methods, 
coupled with the potential for training effect in the VL group in these studies, makes 
it difficult to apply results to practice.  A randomised, crossover, comparative method 
is likely to provide more relevant results (Bowling, 2014), though variables must be 
accounted for to ensure complete robustness to enable application to practice.  Of 
course this is only possible in mannikin studies, which, as mentioned, do not come 
without their limitations.   
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In 2011, Butchart et al. carried out a comparative study and found similar results to 
the case note reviews, though with a much smaller sample and on mannikins.  Their 
30 participants had a 97% success rate with two different VLs (the Venner AP 
Advance and GlideScope Ranger), compared to 70% with a SBL.  It is noted that one 
of the authors was a co-inventor of the Venner AP Advance VL and the results in this 
study were not statistically significant.  A SBL was found to be more successful than 
a retroglottic airway in a study by Calkins et al. (2006) and less successful in two 
further studies (Bollig et al., 2006; Russi et al., 2008) all three with statistically 
significant results.  Despite the large sample size of real patients, just 2.2% of the 
sample received a Combitube airway in the initial study, though the study offers 
some useful findings in the context of this research in that up to 162 patients had a 
Combitube inserted and 70% (n=113) were successful.  In comparison, 108 patients 
were successfully intubated using a SBL with an 84% success rate.  Although the 
sample groups varied in size, the number of successful intubations was higher when 
using a SBL (Calkins et al., 2006).  The two studies that found a Combitube device 
to be more successful than a SBL were carried out on mannkins with small sample 
sizes.  Success rate to ventilation was significantly lower with a standard blade (87%) 
than a Combitube or EasyTube (99% (combined)) in Bollig et al.’s study.  It is 
suggested that this relates to the efficiency of retroglottic devices as blind intubation 
techniques (Bollig et al., 2006).  In Russi et al.’s study, all the scenarios were carried 
out on mannikins, with in-line cervical-spine immobilisation, which may have 
impacted on outcomes.  At the same time, in both studies, the small sample sizes 
may not have detected a small difference between devices, though the authors still 
found statistically significant results.  The King LT had 100% success rate, the 
Combitube had an 82% success rate and a SBL intubation had a 69% success rate 
(p≤0.001).  It is noted that all these studies were carried out over 10 years ago, at 
about the time that Combitube devices were becoming more common for airway 
management in practice.  New research is required, in line with new developments 
of alternative intubation devices, to investigate the use of retroglottic airways.   
 
Another older study and the only one to compare the intubating laryngeal mask 
airway (iLMA), was by Swanson et al. (2004), who compared the iLMA to a MBL.  The 
authors used a prospective, randomised crossover trial method, on a high-fidelity 
mannikin, which incorporated a variety of simulated conditions.  The results 
demonstrated that success rates were comparable between each device, with just 
one failed intubation attempt with the iLMA, out of the 45 intubations made with the 
device.  However, the first pass success rate for the iLMA was 89% with four 
instances requiring a second attempt alongside the one failed attempt for the MBL.  
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Unfortunately, the sample contained just seven paramedics (and eight nurses), 
restricting transferability to practice.  Research with the iLMA for use by paramedics 
is extremely limited and further research is required to study the efficacy of this 
device for use in prehospital practice.  Given this, the iLMA is included in the author’s 
research study for comparison with other AIDs.   
 
2.3.2 Time to intubate    
Time taken to intubate was measured in most of the studies reviewed, again results 
are varied and conflicting; there was no one method found to intubate quicker than 
another overall.  The quickest methods were found in a study comparing two VLs to 
a SBL (Nasim et al., 2009b), demonstrating intubation times of 7 and 8 seconds 
respectively (with the Pentax AWS VL).  In their other comparative study, Nasim et 
al. (2009a) found time to intubate was significantly longer with a VL (the Truview, 
17 seconds), whereas a SBL was the quickest taking on average 9 seconds 
(p=0.004).  Other mannikin studies that compared more than one VL to a SBL found 
similar results in that a SBL offered quicker intubation (see Gaszynska and 
Gaszynska, 2014; Smereka et al., 2017; Yousif et al., 2017).   
 
Smereka et al. (2017) carried out a randomised crossover trial on mannikins, setting 
up different scenarios including cervical spine immobilisation, to compare the C-MAC 
VL and direct laryngoscopy with a blade.  In the normal airway scenario, time to 
intubate was similar with both methods by 70 participants; 18 seconds and 16.5 
seconds respectively; the standard method being slightly quicker (p=0.067).  When 
cervical spine immobilisation was introduced, the C-MAC VL enabled quicker 
intubation times (p=≤0.05).  Analysing data with and without the scenario 
interventions was appropriate, as is keeping variations and variables to a minimum.  
Another randomised comparative study, by Gaszynska and Gaszynski (2014), found 
intubation was over 10 seconds quicker with a MBL when compared to the Truview 
EVO2 VL.  Within their small sample of 30 participants, time to intubate on first 
attempt was 28.6 seconds with the VL, compared to 17.1 seconds with the MBL 
(p=0.0080).  Yousif et al. (2017) also found longer intubation times with VLs in their 
small randomised crossover study on mannikins, their results were statistically 
significant.  The authors compared the GlideScope and King Vision to a MBL, finding 
the mean time to intubate with the MBL was 25.7 seconds (p≤0.0001).  This was 10 
seconds quicker than the GlideScope (p≤0.0001) and 4 seconds quicker than the 
King Vision (p=0.033).  The crossover method of their study was robust, though the 
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small sample size of 20 participants wearing level C personal protective equipment11, 
makes changing practice difficult based on these results.   
 
It is noted that these studies were on mannikins, which could have affected the speed 
of intubation attempts.  A RCT by Arima et al. (2013), took place using 109 real 
patients in cardiac arrest in Japan and also reported lengthier intubation times with 
a VL.  The researchers found that intubation with the VL took on average 35 seconds 
longer than with a MBL (2 minutes 35 seconds with the VL and 2 minutes with the 
MBL, p=0.095).  These times to intubate are excessive, being that the suggested 
maximum time for intubation attempts is 30 seconds (Difficult Airway Society, 2015).  
This could be attributed to the real patients used; oral contamination, poor view of 
the glottis or skill level of user (Arima et al., 2013).  A further two studies were 
carried out on cadaveric models and neither support nor refute the above findings 
(see Appendix-vi).   
 
Other mannikin studies reported opposing results to the above studies, finding a VL 
quicker to intubate than a SBL (Butchart et al., 2011; Bogdański et al., 2015; Wallace 
et al., 2017; Yildirim et al., 2017).  The aforementioned studies carried out 
comparative studies using a variety of VLs between them.  Butchart et al. (2011) 
had the smallest sample of the four and found the average time to intubate with a 
SBL over twice as long as with a VL in their mannikin study.  Time to intubate was 
49 seconds with a SBL, 19 seconds with the GlideScope and 20 seconds with the 
Venner APA (p≤0.0001).  Yildirim et al. (2017) compared the C-MAC VL to two SBLs 
and found quicker intubation times with the VL (14.62 seconds) compared to the 
Macintosh (22.57 seconds) and McCoy (17.67 seconds) blade laryngoscopes 
(p≤0.001).  Despite having a robust method and statistically significant results, these 
randomised, cross over simulation studies had a relatively small sample sizes of 30 
and 40 participants respectively, though the latter study considered the experience 
of their participants and all had over two years’ experience.  Bogdański et al. (2015) 
found time to intubate with the AWS was significantly quicker at 25.4 seconds, 
compared to the Airtraq (35.6 seconds) and the McCoy blade (38.5 seconds) 
(p≤0.001).  The sample of 67 paramedics was credible, though all were novice 
practitioners and therefore the findings are not fully transferrable to more 
experienced users in the field.   
 
                                         
11 Level C Personal protective equipment (PPE) includes: full-face or half-mask, air-purifying 
respirator, chemical resistant clothing, gloves, outer, chemical resistant, gloves, inner, 
chemical resistant, boots, steel toe and shank, chemical resistant. 
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A study that just compared VLs (Airtraq, AWS, C-MAC, Coopdech and GlideScope) 
by Wallace et al. (2017) used simulation with high-fidelity mannikins and altered the 
difficulty of the airway view and lighting in various environments. The authors divided 
the participants into novice and experienced practitioners and investigated time to 
tracheal successful intubation.  The extensive results are complex to interpret, 
though consider the experience the participants had and demonstrate that novice 
paramedics intubated quickest with the AWS and Airtraq and slowest with the 
Coopdech.  In the expert group, the GlideScope Ranger led to the quickest intubation 
times and again the Coopdech was the slowest.  The authors found that intubating 
on the ground in darker conditions had a statistically significant, negative impact, on 
time to intubate12.  The results from this recent study imply that taking experience 
into account during data analysis is essential, particularly when transferring results 
to practice.  This said, transferring results from the study by Wallace et al. (2017) to 
practice is difficult, as results from novice practitioners are not likely transferable to 
experienced practitioners and vice versa.  The author of this thesis considered both 
the training effect and experience of practitioners in the design of the research 
project presented in this thesis, with data analysis techniques accounting for 
variations (see Section 3.4.4).   
 
Three studies carried out on real patients also recognised the impact differences in 
the experience of practitioners, as well as a potential training effect could have on 
outcomes (Russi et al., 2013; Jarvis et al., 2015; Ducharme et al., 2017).  These 
researchers also recognised differences in familiarity with AIDs, though this was not 
referred to or considered during their data analyses.  At the same time, due to the 
methods employed with these real patient studies, it was not possible to measure 
the time taken to intubate with the AIDs.  The only study using real patients that 
measured time to intubate with VLs and SBLs was by Wayne and McDonnell (2010) 
who suggested that a VL is quicker than a SBL (it is unclear which blade the 
participants used).  Their results show that when over 600 participants intubated real 
people, the average time to intubate with the GlideScope VL was 21 seconds, which 
was half the time required to intubate with a standard blade (42 seconds).   
 
The studies that compared retroglottic devices found inconsistent times to intubate 
and ventilate; a range of 25 – 53.7 seconds was found from two of the three studies 
which investigated retroglottic devices such as the Combitube.  These results come 
                                         
12 The times included in the synopsis of Section 2.4 are taken from the ‘normal’ airway 
scenario; on the ground, with the lights on, taking an average of the times from expert and 
novice paramedics.   
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from studies which took place in simulation, on mannikins, therefore there were no 
airway contaminations13.  Authors Bollig et al. (2006) carried out a small study in 
Norway, comparing a SBL to two retroglottic devices; the Combitube and EasyTube.  
They found that mean time for successful intubation was longer using a blade (45.2 
seconds), compared to the EasyTube (38 seconds) and Combitube (26 seconds) 
(p=0.002).  A SBL was also found to be slowest to successfully intubate in the study 
by Russi et al. (2008), who compared the King Laryngeal Tube (King LT) and a 
standard Combitube, to endotracheal intubation using a SBL.  Their study took into 
consideration the experience of the practitioners involved in the study; basic medical 
providers and professional paramedics.  For this review, just the results of the 
paramedics are compared, though the findings similar success rates were apparent 
for both groups.  When paramedics used a SBL, the mean time to intubate was over 
90 seconds (twice as long as the time in Bollig et al.’s study).  The King LT was 
quickest to insert and then ventilate at 27 seconds, with the Combitube in the middle 
of the three methods, taking a mean time of 53.7 seconds to successfully place (Russi 
et al., 2008).  The Combitube device has been used in hospitals in the UK, though is 
no longer commonly used in-hospital or in prehospital care.  It would be useful to 
have further research to determine whether a retroglottic device is comparable to 
intubation in terms of success rate and time, when used by paramedics.  Retroglottic 
devices have historically been used in the UK and the author has accounted for this 
in the research study design (presented in this thesis), given that there is currently 
no research on paramedics using a retroglottic device in this country.     
 
There was just one study (that met the review inclusion criteria) that compared an 
intubating laryngeal mask airway (iLMA) to standard methods of intubation (by 
Swanson et al., 2004).  The iLMA technique involves the insertion of a laryngeal mask 
airway (LMA), prior to the insertion of an endotracheal through the LMA.  Despite the 
sample being small (15 participants), the methods were robust with the researchers 
setting up three scenarios, allowing for the devices to be used 45 times each.  The 
study was carried out on mannikins, with paramedic participants, though the field 
setting was for an emergency helicopter service.  The results found that using a SBL 
was significantly quicker than the iLMA; 12 seconds compared to 39 seconds 
respectively.  The longer time to intubate could be attributed to the two-step process 
of inserting a supraglottic device, followed by a blind intubation with an endotracheal 
tube.  The participants also had much less exposure to the iLMA than standard 
methods, which could have contributed to longer intubation times.  This said, the 
                                         
13 The third study that investigated retroglottic devices by Calkins et al. (2006) used real 
patients and did not measure time of tube insertion.   
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authors took this into consideration during data analysis, having established mean 
ratings of previous exposure to the devices, using a visual analogue scale.   
 
Another way of using visual analogues scales was to gain paramedics opinions of 
AIDs, particularly in terms of the view of the airway each gave, which led to the final 
theme of the literature review.   
 
2.3.3 Paramedics’ opinions   
Around two-thirds of the studies reviewed measured paramedics’ opinions of AIDs, 
in terms of ease of use or the view of the glottis; using visual analog scales, Cormack-
Lehane classification14 or percentage of glottic opening (POGO) scores.  Also 
measured in some studies was the incidence of dental force when performing 
intubation.  The results of paramedic opinions largely come from mannikin studies 
unless specified.     
 
Self-reported measures of satisfaction were evaluated on a 0% to 100% visual 
analog scale (VAS) by Yousif et al. (2017).  The authors identified marginally greater 
satisfaction with the King Vision VL (87%) and GlideScope VL (73%) over the 
Macintosh blade (70%) (p=0.05), but reasons for preferences were not sought.  
Similarly, participants in Bogdański et al.’s (2015) study indicated that between the 
Airtraq VL, AWS VL and McCoy standard blade, the preferred method was the AWS, 
with over half (54%) of the participants favouring this method.  This was followed by 
the Airtraq and the least preferred was the SBL (McCoy blade) (p≤0.001), again their 
participants did not offer reasons for preferences.  The cadaveric study by Hodnick 
et al. (2017) measured paramedics’ opinions extensively and found similar results 
(see Appendix-vi).  Wallace et al. (2017) carried out a survey, asking their 
participants to rank the devices on a scale of one to five, according to the perceived 
ease of use.  In their study, solely VL devices were used and the AWS and GlideScope 
were documented as easiest VLs to use by all their participants.  Some of the 
attempts required additional manoeuvres and manipulation to allow for effective 
intubation with the VLs, more so when intubating mannikins on the ground.  The 
results were not statistically significant.  Nasim carried out two studies with 
colleagues in 2009, comparing VLs to a Macintosh blade laryngoscope (MBL), using 
a total of four VL AIDs (two in each study), in simulated easy and difficult intubations.  
The small sample sizes reduce the power of this study, which indicates that a VL is 
                                         
14 The Cormack-Lehane grading system classifies airway views based on the anatomical 
structures seen, grade 1 being the best view and 4 the worst.  Also explained in Section 
1.4.1, Figure 1-4.   
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favoured, though the Truview VL required more optimisation manoeuvres (Nasim et 
al., 2009a).  Using a VAS limits the amount and quality of data gained in terms of 
paramedics’ opinion of AIDs; asking for justification of the scores given would 
significantly enrich data.   
 
Opposing previously mentioned preferences, Arima et al. (2013) found no significant 
difference in difficulty of intubation when comparing the AWS VL to the MBL 
(p=0.066) on real patients.  Four years later, Smereka et al.’s 70 participants 
preferred a SBL to the C-MAC VL (p=0.009) when used on mannikins.  However, 
when cervical spine immobilisation was introduced, 93% of participants preferred the 
VL (p≤0.001).  Similar scenarios were created in the study by Yildirim et al. (2017), 
who also measured degree of difficulty.  Comparing two standard blades to the C-
MAC VL, they found comparable results with the standard blades; median difficulty 
scores 4 (McCoy) and 5 (Macintosh) out of 10.  A difficulty median score of 1 (range 
0-9), was found with the C-MAC (p≤0.001).  Again, the degree of difficulty rose when 
cervical spine immobilisation was in place for the standard blades, though the median 
remained a constant with the VL throughout the scenarios.  For all these studies, the 
preference of the VL in cervical spine immobilisation conditions is likely related to the 
view of the airway the VL offers, that is not present with a SBL given restrictive neck 
movements to adequately position a patient.   
 
For blind airway management techniques such as a retroglottic device or iLMA, a 
view of the airway is not required, instead ease or difficulty of insertion was 
measured.  Russi et al. (2008) reported findings on ease of use using a scale of one 
to five in their study, which compared successful intubation rates and times between 
Combitube, King Laryngeal Tube (King LT) and ETT intubations.  Most paramedics 
reported intubation with an ETT (using a SBL) as difficult, the Combitube as neither 
easy nor difficult and the King LT as easy or very easy.  ‘Comfort levels’ of the devices 
were also sought, this related to physical ease of use; paramedics were similarly 
comfortable with a SBL or Combitube.   
 
In the one study that compared the iLMA to SBL, difficulty ratings were recorded on 
a VAS of 1-100mm.  Inserting the LMA and the blind intubation were more difficult 
than standard blade laryngoscopy (Swanson et al., 2004).  The participants rated 
the SBL at 13mm, inserting the iLMA at 23mm and intubating through the iLMA at 
17mm; suggesting the techniques were easy to perform.  This said, the SBL was 
favoured in terms of ease of use, which is surprising as participants in this study 
were not positioned at the ‘head end’ of the mannikin, thus obtaining a good view of 
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the glottis was made more difficult, whereas a view is not required when inserting 
and intubating though the LMA.  The researchers noted changes in position and 
apparent difficulties, not referred to by the participants, on observation.  Further 
research to explore the use of an iLMA and determine whether the device is liked by 
paramedics is required and as mentioned earlier, has been incorporated into the 
comparative study design presented in Chapter Three.   
 
In the studies reviewed, the scales used were rating scales for the individual devices, 
to measure satisfaction levels, rather than ranking devices in order of preference.  
Although data analysis allows for comparison of satisfaction scores, there is an 
opportunity to look at ranked preferences for several devices, gaining paramedics’ 
opinions on a range of methods and devices.  The researcher has taken this 
opportunity and designed a research study to rank AIDs in comparison to each other.    
 
Whist trying to obtain a view of the glottis, adverse incidents such as dental trauma 
can occur, though at different rates and pressures with different devices.  Authors 
Yildirim et al. (2017) measured the pressure exerted on teeth whilst intubating, as 
an adverse effect.  Whilst using a Macintosh blade, 90% of 40 participants caused 
severe tooth pressure, compared to 23% using the C-MAC VL (and 78% when using 
a McCoy blade).  Butchart et al. (2011) found that no additional force was found 
when participants used a VL, compared to 13% (n=4) with a SBL (with no statistical 
significance).  Smereka et al. (2017) also measured dental compression, their 
findings were considerably different to those of Yildirim et al. and Butchart et al.  
Their results show only 3% of 70 participants caused severe tooth compression with 
both standard and video alternative methods of intubation, indicating that using a 
SBL does not necessarily increase dental trauma.  However, this number increased 
significantly when cervical spine immobilisation was applied using a collar, with 
67.1% of attempts causing severe dental compression with a MBL, compared to 
21.4% with a VL.   
 
There are no further recent studies that investigate the use of AIDs by paramedics.  
This could be due to the increasing number of AIDs being developed, the difficulties 
in controlling variables during studies, deterrents in recruiting paramedic participants 
and restrictions in researching in the out-of-hospital care environment (Burges et al., 
2012.)   
 
2.4 Summary 
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The choice of airway management technique in OHCA remains controversial and the 
effect of prehospital advanced airway management on neurological recovery, 
particularly that of ETI, is still unclear.  Although BVM ventilation (with simple airway 
adjuncts) has been repeatedly associated with better survival, including better 
neurological function, than advanced techniques of airway management, the risk of 
regurgitation and aspiration cannot be underestimated (Piegler et al., 2016; Jabre et 
al., 2018).  The insertion of a SGA device in OHCA is likely to be associated with 
worse patient outcomes than other methods of airway management (Wang et al., 
2010; Shin et al., 2012; Tanabe et al., 2013; Henlin et al., 2014; Benoit et al., 2015; 
Kang et al., 2015).  It is suggested that ETI in the hands of experienced operators is 
still a reliable method and this should be considered when further researching the 
phenomenon (Wang and Yealy, 2006a; Walls et al., 2013; Henlin et al., 2014).   
 
Studies investigating AIDs in the out-of-hospital environment, using paramedic 
participants, are limited.  Up to date research using paramedic participants is 
required to add to the current body of knowledge.  This is even more necessary in 
the UK, where just three studies have taken place (two of which were in Northern 
Ireland).  The author’s research is relevant to UK practice, given the nature of 
ambulance services, equipment provided and training and development systems.   In 
the studies discussed in the literature review, a variety of methods were used with a 
range of sample sizes.  Prospective, randomised comparative designs were common 
and considered to be a suitable method for comparing AIDs.  The author’s research 
has followed a prospective observational design using mannikins for simulation, 
which is in line with the majority of existing studies.  Sample sizes of published 
studies were varied and it is recommended that a sample size large enough to reveal 
a medium effect, if it exists, should be used in future studies.     
 
A summary of the findings of AIDs success rates when used by paramedics, in the 
studies considered in section 2.3.1 is presented in Table 2-2.   
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Table 2-2: Summary of success rates of alternative intubation devices, used by 
paramedics 
KEY:   ◊ = mannikin study,  ☺ = real patients,   Ö  = Cadavers,   
          SBL = Standard Blade Laryngoscope,  VL = Video Laryngoscope,   
          iLMA = intubating laryngeal mask airway 
Method Device  Ultimate 
success 
rate 
First 
Time 
succes
s rate 
Authors 
VL Pentax AWS◊ 100% 100% Nasim et al., 2009b 
VL C-MAC◊ 100% NA Yildirim et al., 2016 
Fibre scope Bonfils☺ 100% 100% Byhahn et al., 2007 
VL GlideScope◊ 100% 96% Nasim et al., 2009b 
SBL Macintosh◊ 100% 96% Nasim et al., 2009b 
SBL Not stated◊ 100% 96% Nasim et al., 2009b 
SBL Macintosh◊ 100% 95.7% Smereka et al., 2017 
SBL Macintosh 100% 95.3% Nasim et al., 2009a 
SBL Macintosh ☺ 100% 75% Arima et al., 2013 
SBL Macintosh 100% 73.3% Gaszynska & Gaszynski, 
2014 
VL GlideScope Ö 100% 68.8% Hodnick et al., 2017 
SBL Not stated Ö 100% 64.5% Hodnick et al., 2017 
VL C-MAC◊ 100% 100% Smereka et al., 2017 
SBL McCoy  100% NA Yildirim et al., 2016 
Combitube King LT◊ 100% NA Russi et al., 2008 
Combitube 
Combitube◊ 99% 
(combine
d) 
NA 
Bollig et al., 2006 EasyTube◊ NA 
VL VividTrac Ö 98.5% 60% Hodnick et al., 2017 
Intubating LMA iLMA◊ 98% 89% Swanson et al., 2004 
VL Venner APA 97% 100% Butchart et al., 2011 
VL GlideScope  97% 80% Butchart et al., 2011 
VL GlideScope☺ 97% NA Wayne & McDonnell, 
2010 
VL Pentax 
AWS☺ 
96.4% 46% Arima et al., 2013 
VL Airtraq 95% 90.5% Nasim et al., 2009a 
SBL Not stated☺ 95% NA Wayne & McDonnell, 2010 
VL Pentax AWS◊ 94% 79% Bogdański et al., 2015 
SBL Not stated☺ 92.8% 85.7% Russi et al., 2013 
VL King Vision  91.5% 74.2% Jarvis et al., 2015 
VL Truview 90.5% 66.7% Nasim et al., 2009a 
VL TruView  90% 63.3% Gaszynska & Gaszynski, 
2014 
VL Pentax AWS Ö 88.6% 97.1% Truszewski et al. 2016 
SBL Not stated◊ 87% NA Bollig et al., 2006 
VL Airtraq◊ 86.6% 67% Bogdański et al., 2015 
SBL McCoy◊ 85.1% 66% Bogdański et al., 2015 
SBL Mackintosh 85% NA Yildirim et al., 2016 
SBL Not stated☺ 84% NA Calkins et al., 2006 
Combitube Combitube◊ 82.2% NA Russi et al., 2008 
SBL Not stated☺ 81.1% 66.7% Ducharme et al., 2017 
SBL Macintosh Ö 77.1% 94.3% Truszewski et al. 2016 
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VL King Vision☺ 72.5% 62.5% Ducharme et al., 2017 
SBL Not stated◊ 70% NA Butchart et al., 2011 
Combitube Combitube☺ 69.8% NA Calkins et al., 2006 
SBL Not stated◊ 68.9% NA Russi et al., 2008 
SBL Not stated☺ 64.9% 43.8% Jarvis et al., 2015 
VL Airtraq☺ 62% 58% Russi et al., 2013 
 
 
Overall no device has been found to be more successful than another, when used by 
paramedics across the globe.  Reasons for unsuccessful intubation were related to 
obstructions in the airway (such as blood or vomit), poor views of the glottis and a 
lack of familiarity using some AIDs.  Obstructions in the airway were only apparent 
in studies on real patients, whereas difficult intubations could be simulated on high-
fidelity mannikins.  There appeared to be no significant consistency between the 
results produced with either type of study, further indicating that mannikin studies 
are appropriate to compare AIDs.  The research (outlined in Chapter Three) has been 
designed as a simulated mannikin study and aims to examine the use of AIDs for 
prehospital practice.  The author is mindful of the lack of bodily fluids as airway 
obstructions in mannikin studies and this is considered when discussing results.    
 
There was no one device that was superior to others in terms of time to intubate.  
Studies found a range of intubation times with different devices.  The quickest time 
to intubate was with a video laryngoscope (VL), on a mannikin, taking just seven 
seconds, closely followed by standard blade laryngoscopes (SBL), also on a mannikin, 
at eight and nine seconds.  The VL Pentax AWS was the slowest to intubate at 155 
seconds on real patients and in the same study, a Macintosh blade laryngoscope took 
120 seconds.  These times are extensive and attributed to the study using real 
patients.  The only study to explore the intubating laryngeal mask airway (iLMA) 
found it took 39 seconds to intubate.  A range of devices successfully intubated in 
less than 30 seconds, including the Combitube, SBLs and other VLs (see Table 2-3).  
In one study the same methods took over 120 seconds to intubate on real patients 
(Arima et al., 2013).  Reason for differing times to intubate, could be the experience 
of paramedics and or the training effect or exposure they had to the AIDs.  The only 
study to explore the intubating laryngeal mask airway (iLMA) found it took 39 
seconds to intubate.   
35 
 
Table 2-3: Summary of times to intubate with alternative intubation devices, when 
used by paramedics   
KEY:   ◊ = mannikin study,  ☺ = real patients,   Ö  = Cadavers,   
          SBL = Standard Blade Laryngoscope,  VL = Video Laryngoscope,   
          iLMA = intubating laryngeal mask airway  
Method Device  Time to 
intubate 
(seconds) 
Authors 
Video Laryngoscope Pentax AWS◊ 7 Nasim et al., 2009b 
SBL Macintosh ◊ 8 Nasim et al., 2009b 
SBL Macintosh ◊ 9 Nasim et al., 2009a 
Video Laryngoscope Airtraq◊ 11 Nasim et al., 2009a 
Video Laryngoscope GlideScope◊ 11 Nasim et al., 2009b 
SBL Not stated◊ 12 Swanson et al., 2004 
Video Laryngoscope C-Mac◊ 14.6 Yildirim et al., 2016 
Video Laryngoscope Airtraq◊ 14.9 Wallace et al., 2017 
Video Laryngoscope GlideScope◊ 15 Wallace et al., 2017 
SBL Not stated◊ 16.5 Smereka et al., 2017 
Video Laryngoscope Truview◊ 17 Nasim et al., 2009a 
SBL Macintosh◊ 17 Gaszynska & Gaszynski, 
2014 
SBL McCoy◊ 17.7 Yildirim et al., 2016 
Video Laryngoscope Pentax AWS◊^ 17.8 Wallace et al., 2017 
Video Laryngoscope C-Mac◊ 18 Smereka et al., 2017 
Video Laryngoscope C-MAC◊^ 18.5 Wallace et al., 2017 
Video Laryngoscope Coopdech◊^ 18.6 Wallace et al., 2017 
Video Laryngoscope GlideScope☺ 21 Wayne & McDonnell, 2010 
SBL Macintosh◊ 22.6 Yildirim et al., 2016 
SBL Macintosh Ö 24  Truszewski et al. 2016 
Video Laryngoscope Venner APA◊ 25  Butchart et al., 2011 
Video Laryngoscope Pentax AWS Ö  25  Truszewski et al. 2016 
Video Laryngoscope Pentax AWS◊ 25.4 Bogdański et al., 2015 
SBL Macintosh◊ 25.7 Yousif et al., 2017 
Combitube King LT◊ 27 Russi et al., 2008 
Video Laryngoscope Truview ◊ 28.6 Gaszynska & Gaszynski, 
2014 
Video Laryngoscope King Vision◊ 29.9 Yousif et al., 2017 
SBL Not stated Ö 33.7  Hodnick et al., 2017  
Video Laryngoscope Airtraq◊ 35.6 Bogdański et al., 2015 
Video Laryngoscope GlideScope◊ 35.8 Yousif et al., 2017 
Combitube Combitube◊ 36 Bollig et al., 2006 
Combitube EasyTube◊ 38 Bollig et al., 2006 
Video Laryngoscope GlideScope Ö 38 Hodnick et al., 2017 
SBL McCoy◊ 38.5 Bogdański et al., 2015 
Intubating LMA iLMA◊ 39 Swanson et al., 2004 
SBL Not stated☺ 42 Wayne & McDonnell, 2010 
Video Laryngoscope VividTrac Ö 42.2  Hodnick et al., 2017 
SBL Not stated◊ 45.2 Bollig et al., 2006 
Video Laryngoscope GlideScope◊ 46  Butchart et al., 2011 
Combitube Combitube◊ 53.7 Russi et al., 2008 
SBL Not stated◊ 71 Butchart et al., 2011 
SBL Not stated◊ 91.3 Russi et al., 2008 
SBL Macintosh☺ 120 Arima et al., 2013 
Video Laryngoscope Pentax AWS☺ 155 Arima et al., 2013 
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Paramedic experience varied in the samples recruited by researchers, though was 
not always analysed adequately in terms of the effect this had on outcomes.  The 
potential training effect should also not be underestimated and this research has 
considered both (training background and experience), with analysis of the 
associations between these and outcomes (see Section 3.4.4).   This is likely to 
enable better transferability of results to practitioners in prehospital practice.   
 
Participant opinions of the AIDs were gathered using visual analogue scales and 
Cormack-Lehane grades or percentage of glottis opening (POGO) scores to establish 
comfortability, perceived ease of use and grade of view.  Throughout the studies 
results are inconsistent, with little statistical significance.  Paramedics were similarly 
comfortable with the SBL and Combitube device in the study by Russi et al. (2013).  
Other studies found marginally greater satisfaction with VLs over a SBL, which is 
surprising as paramedics are more familiar with SBLs, though this is attributed to the 
view of the glottis VLs provided.  VLs were found to be superior in terms of view, 
particularly when alternative situations such as chest compressions and cervical 
spine immobilisation were introduced. The main adverse incident measured was 
dental pressure, of which VL was superior in comparison to a SBL, offering little to 
no force.   
 
The studies in the literature review compared just one type of device to another and 
obtained paramedics’ views on individual devices.  There is a research opportunity 
(that has been up taken by the author) to compare more than two methods of 
intubation and gain paramedics’ opinions by ranking devices in order of preference.  
The author has also asked paramedics to justify their decision in their own words, 
which could considerably enrich the data collected.  The following chapter presents 
the methods of a three-stage research project designed to answer the research aims 
(offered in Section 1.2) and contribute to the existing body of knowledge, addressing 
some of the issues identified in the literature reviews.    
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Chapter 3 Methods 
 
3.1 Introduction 
This chapter presents and critiques the methods applied during the research project, 
designed to respond to the aims and objectives presented in Section 1.2.  A three-
stage approach was developed, using primarily quantitative methodology (a case 
note review, paramedic opinion survey and experimental study). The survey and 
experimental study incorporated the collection and analysis of some qualitative data 
(see Morse & Niehaus, 2009).   
 
Sections 3.2-3.4 discuss and justify each stage of the research, including sampling, 
data collection and data analysis.  Reflections throughout these sections identified 
some of the weaknesses associated with the design, as well as limitations of the 
research which arose from these.  The chapter concludes with a comprehensive 
exploration of the ethical issues considered throughout (Section 3.5).   
    
3.1.1 Methodology 
The methods applied within this research followed a dynamic, positivist, fixed (rather 
than emergent) approach (Creswell, 2009; Ross, 2012).  These were representative 
of a design process that combined and interrelated multiple components from 
existing typologies of research methodologies.   The initial stages (a case note review 
and opinion survey) gathered the supporting evidence on which the final stage (a 
comparative experimental study) was based.  This inductive approach allowed for an 
element of qualitative data collection and analysis in stages two and three, to 
determine paramedics’ opinions of ETI.  The final stage of the research project was 
carried out to systematically and rationally explore and compare four alternative 
intubation methods (after Berger et al., 2009) and the preferred method for use in 
practice.  The approach led to a robust methodological design to answer the research 
aims, whilst maintaining focus on the purpose of the research, conceptual framework 
and interrelationships among the methodological components (after Maxwell and 
Loomis, 2003 and Creswell and Plano Clark, 2011).   
Figure 3-1 gives a diagrammatic representation of the methodological approaches 
taken at each stage, aligned with the aims and objectives.     
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Figure 3-1: The association between methodologies, objectives, research 
approach and data analysis 
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3.2 Case note review (stage one) 
A retrospective case note review was completed to explore airway practices in the out-of-
hospital environment, whilst underpinning the subsequent stages of the project (the 
opinion survey and experimental study: see also Yin, 2009).  The processes used in this 
method are outlined and justified in Section 3.2, alongside reflections on its application.  
A summary of the processes is presented in Figure 3-2.   
 
 
Figure 3-2: Case note review process (stage one) 
 
Retrospective data were collected by asking specific questions of the case notes, 
identifying airway management and ETI practice in the out-of-hospital environment.  It 
was not possible to audit the ETI practices, because there are currently no specific 
standards indicating when a patient should be intubated in the out-of-hospital 
environment.  There are however, a number of guidelines and standards that are used 
elsewhere, for the preparation and procedures to be carried out during the process of 
intubation (Royal College of Anaesthetists (RCA), 2013); Association of Anaesthetists, 
2017; Eastern Association for the Surgery of Trauma (EAST), 2002).   Ambulance services 
use other guidelines for clinical practice, from the Joint Royal Colleges Ambulance Liaison 
Committee (JRCALC) (Brown et al., 2016) and the Resuscitation Council (UK) (2015).  
These guidelines give key indications for the clinical approach to intubation, as well as 
preparation and post intubation checks required.     
 
The case note review offered salient data relating to airway management techniques used 
by paramedics in practice for patients in cardiac arrest in practice (after Crowe et al., 
2011; Green and Thorogood, 2013).  The review therefore offered a real-world perspective 
of the practical application of care interventions drawing on the most detailed data 
available for study: case notes. Further, it allowed for an assessment of variations from 
Case note 
review design
•Inclusion / Exclusion critieria established for case notes to include
•Time period for data collection determined
•Agreement with ambulance service to share and use data
•Data extraction criteria agreed with ambulance service
Data
•Data extracted using inclusion / exclusion criteria
•Data shared with researcher by ambulance service
•Data analysed using descriptive statistics
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quality standards, as well as adverse incidents (Hutchinson et al., 2010).  It is understood 
that this method (that allows for descriptive accounts of practice) may not offer rich 
enough data about airway management techniques used for patients in cardiac arrest; 
largely related to difficulties in balancing internal and external validity, subjective 
interpretation and suboptimal documentation (see Yin, 1994; Denscombe, 1998; Ducket 
et al., 2013; Phelan et al., 2013).  Suggestions have been made to overcome these 
limitations (Section 3.2.3-3.2.5 and Chapter Five) and the subsequent stages of the 
research are used to merge and build upon the findings from the case note review (see 
Sections 3.3 and 3.4).  This method of triangulating methods provides a sound framework 
to address the research aims and objectives, offering a diverse and more comprehensive 
view of the phenomena (see Gorard and Taylor, 2004; Creswell and Plano Clark, 2011).   
 
Patients in cardiac arrest were selected for review because, according to existing clinical 
guidelines (Resuscitation Council, 2015; Brown et al., 2016), all of these patients should 
have had airway management intervention(s).  It is important to note from the outset that 
quality care may be given, even when the patient’s outcome is poor and vice versa.  To 
help overcome any potential bias in the data arising from this reflection, all case notes 
that fell within the data collection timeframe were included (see Section 3.2.3), rather 
than solely patients with positive cardiac arrest outcomes.  The area selected for study 
was the East Midlands region (Section 3.2.1) and the case notes resided with East Midlands 
Ambulance Service (EMAS), whose paramedics, emergency medical technicians and 
emergency care assistants, had provided the interventions and care for patients in cardiac 
arrest.  Permission was obtained from EMAS for collation and sharing of relevant data, and 
the data were compiled for analysis by the research and development team at EMAS, in 
compliance with Trust governance requirements (see Section 3.2.4).   
 
3.2.1 Region of study 
Given the barriers to retrieving nationwide case notes, such as negotiating access to data 
from each ambulance service, the case note review was carried out in one region of the 
UK.   The notes from one region are in some respects unique, though are also a single 
example of a broader class of notions (from Yin, 1994).  It is recognised that studying 
notes from one region may be considered a limitation, in that the extent to which findings 
can be generalised to other areas may be restricted.  The applicability of the findings from 
the case note review in the East Midlands region will depend on how much the sample 
shares with other regions in terms of patient profiles, geographical area, response times, 
level of response staff (for instance paramedic or emergency care technician).  Studying 
case notes from one region has allowed for a focussed effort, limiting data collection to an 
area where out-of-hospital care is provided by one National Health Service (NHS) Trust.  
Therefore, has acknowledged that there are occasional differences between local 
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guidelines and policies which may affect decisions in airway management choices (for 
example, some ambulance services have taken the decision to withdraw ETI as a 
mandatory component of paramedic practice (London Ambulance Service (LAS), 2016)) 
and has provided insights, but limits generalisability.  Inclusion and exclusion criteria were 
developed and a time frame set, to select the cases to be reviewed (see Sections 3.2.2 
and 3.2.3).  These methods could be reapplied in other regions of the UK.   
 
3.2.2 Inclusion and exclusion criteria for case note selection 
Inclusion and exclusion criteria were set to determine which patients’ notes were to be 
reviewed, to reduce subjective bias (after Hutchinson et al., 2010).  An explanation of the 
criteria, alongside supportive justification, is offered in Table 3-1. 
 
Table 3-1: Inclusion and exclusion criteria applied to case notes for the case 
note review   
Criterion Justification of criterion 
Cases where patients have suffered a 
cardiac arrest were used.   
 
Research and guidelines suggest intubation 
is gold standard airway management for 
patients in cardiac arrest15.   
Cases involving adult patients (above the 
age of 18) were used, cases involving 
paediatric patients were excluded. 
 
Airway management of paediatric cardiac 
arrests non-comparable to adults and 
requires additional skills and equipment, 
which are not always available in the Urgent 
and Emergency Care setting (Bingham and 
Proctor, 2008; Resuscitation Council, 2015).   
Cases where patients required rapid 
sequence induction (RSI)16 were 
included (if the RSI took place).   
If an airway was deemed to require 
intubating, this was an important 
consideration for the remit of this project; to 
establish whether an intubation took place.   
Cases where patients were transferred to 
the nearest specialist centre (trauma or 
cardiac) were included. 
Traumatic injuries feature on the list of 
reasons to intubate and these patients are 
considered entirely relevant to be included 
(Eastern Association for the Surgery of 
Trauma (EAST), 2002) 
 
  
                                         
15 Cook et al., (2011); Wang et al., (2012); Benoit et al., (2015); Resuscitation Council, (2015); 
Brown et al., (2016) 
16 RSI requires the administration of drugs prior to intubation and is practised in the prehospital 
environment by qualified professionals / paramedics.   
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3.2.3 Time period for data collection and extraction 
A retrospective data collection period of twelve months was set to enable representative 
estimates of the data.  Gathering data over this extensive period increases the likelihood 
of collecting data from a wider range of EMAS staff (after Weinger et al., 2003), whilst still 
reflecting contemporary practice.  When determining the data collection period, it was 
necessary to consider the National Airways-2 (Taylor et al., 2016) (see Appendix-vii), 
which involved paramedics selecting either an endotracheal tube (ETT) or a supraglottic 
airway (SGA) device, for airway management in cardiac arrests.  Collecting data during 
this period would distort any data that was to be extracted in the case note review, causing 
bias in the overview of current practice.  Therefore, no data were extracted and reviewed 
during or after the Airways-2 trial period, which commenced in June 2015.  The year 
preceding the trial was used, from April 2014 to March 2015.  The criteria and the time 
period were agreed by EMAS and a data sharing agreement established. 
 
3.2.4 Agreement with ambulance service 
At the outset of the research, an agreement was reached with EMAS, to share retrospective 
data on airway management during cardiac arrests.  This was revisited before data 
collection, to establish the researcher’s requirements, data availability and the format the 
data would be presented in.  It was made clear that procedures relating to airway 
management and intubation were the focus of the research.  There was no intention to 
cause detriment to the ambulance service or paramedic professionals throughout the 
project.  Ultimately, a final data sharing arrangement was completed (Appendix-viii), the 
ethical aspects and governance requirements of which are discussed in Section 3.5.  The 
retrospective data were collected from all areas within EMAS, though was housed in a 
central data-base within the Trust. 
 
3.2.5 Questions asked of the case notes selected for review 
Objective questions were used to establish the data required for extraction from the case 
notes, relating to each cardiac arrest case that EMAS responders attended.  The explicit 
(criterion-based) method, rather than selection on a pragmatic or circumstantial (implicit) 
basis was not deployed, to reduce bias in case selection (see Hutchinson et al., 2010).  
The subsequent questions were asked to discover typical cases that responded to the initial 
aim of the research project (to identify current practice relating to airway management 
and ETI in the out-of-hospital environment).  These were based on the literary content 
findings presented in Chapter Two (to minimise the influence of the researcher, after 
Bowling, 2014).  The questions were agreed between the research and development team 
at EMAS and the researcher:    
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a) Which cardiac arrests attended by EMAS personnel were resuscitated?   
b) Of the cardiac arrests, which airway devices were used during the resuscitation 
(case related)?  
c) How many successful and unsuccessful intubations were performed (if intubation 
was selected for airway management)? 
d) Were standards and guidelines followed during intubation procedures?   
 
Due to the retrospective nature of the methods used, it was not possible to extract data 
to answer the fourth question as this information was not documented.  As previously 
discussed, there are no set standards for out-of-hospital intubation by paramedics, though 
there are guidelines to follow (JRCALC guidelines, 2016; Resuscitation Council (UK), 
2015).  A statement from EMAS specifies17:  
“with regards to guidelines, EMAS follows JRCALC and the UK Resus guidelines, which both 
use a stepwise approach in terms of airway management. 
All clinical operational staff are expected to use this approach without question” 
(EMAS, 2017, email correspondence) 
 
The central data-base housing the data required for the case note review was only 
accessible to EMAS personnel and therefore it was not possible for the researcher to access 
and extract the data herself.  The data extraction was made by a healthcare professional, 
working in research and development with EMAS.  This, combined with the use of criteria, 
led to consistency in the data extracted (after Hutchinson et al., 2010).  The researcher 
requested that the data be presented in its rawest form, to allow for comprehensive case 
by case data analysis.   
 
3.2.6 Data extraction, presentation and analysis  
The data were provided to the author in a Microsoft Excel spreadsheet.  Unfortunately, the 
data were not presented in its raw form, but in summary form; giving the number of 
patients suffering cardiac arrests, airway adjuncts used and intubation success rate (if 
attempted).  The author made further requests for the raw data, however these were not 
successful.  The availability and arrangement of data allowed for descriptive statistical 
analysis only.   
 
The data were grouped according to: number of cardiac arrests, airway adjuncts used in 
cardiac arrest situations and number of successful airway management techniques 
(including endotracheal intubation).  Because the data were not available on a case by 
                                         
17 In this statement ‘clinical operational staff’ refers to all ambulance response staff, including 
paramedics.  
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case basis, further analyses (to investigate associations for example) were not possible.  
Descriptive statistics were used to report on the data according to type and frequency of 
airway adjuncts used, as well as success rates of these and intubation.  The results have 
been illustrated using graphs and charts in Section 4.2, with narrative explanations.  The 
results are also discussed in conjunction with those of the opinion survey, to help explore 
and explain airway management practices (as per Creswell and Plano Clark, 2011) (see 
Chapter Five).  
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3.3 Opinion survey (stage two) 
The aim of the second stage of the research was to ascertain paramedics’ opinions on 
airway management and intubation.  These were gathered using a structured 
questionnaire (Figure 3-4), with eight carefully considered questions, to ensure validity 
and reliability (see Carter et al., 2000).  This was disseminated online, using Bristol Online 
Surveys (BOS), 2015), to paramedics in the UK.  Initially a convenience sample was used, 
with a chain referral technique to further disseminate the survey (Denscombe, 1998).  
Explanation of how the survey measured the construct of paramedic opinions on 
intubation, as well how the method was consistent and reproducible, are outlined in this 
section (after Carter et al., 2000).  Figure 3-3 provides a summary of the process.   
 
 
 
 Figure 3-3: Opinion survey overview (stage 2) 
 
 
A survey was considered to be an appropriate method to collect paramedics’ opinions, 
given the nature of the research aims (after De Vaus, 2002).  There are identified 
limitations and weakness in components of the survey method, which are explored.  
Structured survey questions allowed for a range of response types, leading to quantitative 
and qualitative data collection and analysis, to support the understanding of airway 
management situations and paramedic behaviours (see De Vaus, 2002).   
 
  
  
Forming the 
questions
•Carry out literature reviews in the subject for study
•Establish demographic information required
•Establish what opinions are required from paramedics
•Consider variables for data analysis
Recruitment &
Distribution
•Establish sampling method 
•Disseminate of online survey
Data
•Extraction of data into SPSS (version 22)
•Analysis of survey response data 
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3.3.1 Questions 
A review of the key concepts and outcomes required of the research was carried out to 
guide the development of the questions (Figure 3-4).   
 
 
 
 
 
Figure 3-4: Questions used in the online opinion survey  
 
The structured questions have occupational and professional relevance and gather 
contextual information, rather than generating new knowledge (as per Gough et al., 
2012).  They allowed for the collection of valid, factual and descriptive information, relating 
to opinions on airway management and ETI, through construct validity (Bowling, 2014). 
 
Survey 
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This was important to ensure the data collected were purposeful (Abbot and Sapsford, 
1998).  As suggested by Braun and Clarke (2013), the five initial demographic questions 
(which capture the characteristics of the survey participants) were placed at the beginning 
of the survey to ease the participant into the survey response process.   
 
The final three questions had multiple choice answers: for accounts of practice, a 
perception of good practice and reasons for not performing intubation.  Content validity 
was ensured by the author through acquired knowledge about the topic and further 
supported with peer expertise.  A supervisor, who is expert in this field (Consultant 
anaesthetist), was asked to verify the questions to judge the relevance and accuracy (after 
Le May and Holmes, 2012).  Face validity was imposed by sharing the questions with 
paramedic colleagues, which confirmed accurate interpretation of the questions.  Because 
the survey was not posed to paramedics more than once and was anonymous, the test-
retest reliability measure could not be used.  However, offering participants anonymity 
when they complete surveys can afford an opportunity to gather honest accurate 
responses (see Lowe, 1993).  Alongside this, an element of internal consistency helped to 
ensure reliability, by asking paramedics about whether they would intubate during a 
cardiac arrest and their opinion of gold standard airway management.   
 
The survey was designed to be completed in a short timeframe (2-3 minutes), in order to 
ensure accuracy and consistency of the data collected, thus evoking reliability (see 
Bowling, 2014).  This encouraged effective participation, given the brief time frame for 
focus and honest answers (see Creswell, 2013).  Equivalence testing was not used due to 
time limitations. This may have increased reliability, however it could also have reduced 
the number of respondents with participants having to complete two surveys or a longer 
survey (after Le May and Homes, 2012).   
 
The final question of the survey asked for reasons for not intubating in practice. This was 
a multiple-choice question, with the options given being drawn from the review of 
literature at the outset of the research.  In order to ensure that any reasons that 
paramedics had for opting not to intubate were captured and to reduce the potential for 
researcher bias, an ‘other’ box was added, with the opportunity to enter an alternative 
response in their own words (free text).  Although this may have led to short responses, 
using qualitative survey questions was an appropriate method of obtaining opinion related 
information from the respondents (Braun and Clarke, 2013).  The inverse relationship 
between the quantity of data collected and the quality of that data, suggests that a larger 
number of respondents would produce strong, reliable evidence (Carter et al., 2000).      
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3.3.2 Distribution and sampling 
To recruit respondents, a chain referral method, also referred to as a snowball sampling 
technique, was used (after Denscombe, 1998 and Streeton et al., 2004).  The author 
distributed the survey link to a convenience sample of paramedics, who referred the link 
to further paramedics.  The snowballing process was used effectively with the researcher 
having knowledge of the social situation under investigation and targeting registered 
paramedics.  Other sampling methods, such as random sampling from a central register 
(as suggested by Abbott and Sapsford, 1998), were not possible due to the lack of a 
central register and data sharing issue.  Snowball sampling was a practical method of 
reaching a wide range of voluntary respondents, that might otherwise be hard-to-reach 
given geographical and occupational limitations (see Heckathorn, 2011).  At the same 
time, by using this sampling method, the recruitment process was taken out of the 
researcher’s control after the initial round of direct contacts, reducing bias in terms of 
selection.       
 
The potential for bias in referring the survey link along a line of contacts who may be 
giving similar information is acknowledged, though Streeton et al. (2004) suggest this 
weakness is balanced by the benefits of encompassing participants working in various 
geographical areas, which allowed for the collection of a range of opinions on airway 
management, from broader professional perspectives.  A limitation of the method is that 
it cannot be relied on to recruit a probability sample, though for the purpose of this 
research a select group of voluntary respondents were required; registered paramedics 
working in clinical practice.  Using a snowballing sampling technique in this instance aided 
the verification of the eligibility of respondents with paramedics referring to paramedic 
colleagues.  However, despite the inclusion criteria being clearly stated at the beginning 
of the survey, this would not prevent a technician from answering the questions.   It was 
also not possible to prevent participants from responding to the survey more than once, 
nor recognise if participants had as the responses were anonymous, which is a recognised 
limitation of the survey recruitment method.   
 
Streeton et al. (2004) found that responses may increase when potential participants were 
referred by someone they knew and trusted, as per this research.  The initial recruitment 
led to 164 responses and a second distribution was instigated when the comparative 
survey commenced (Figure 3-5).  Participants were asked by the researcher if they would 
complete the online survey (if they had not already done so) and share the link with 
colleagues.   The sample size was not predetermined, due to the permissive nature of 
chain sampling (see Abbot and Sapsford, 1998).  The recruitment finished after a period 
of seven months, with a total of 181 paramedics completing the survey.  A sample of this 
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size enables the estimation of the population percentage answering each question, to 
within approximately ±7%.   
 
 
Figure 3-5: Overview of opinion survey recruitment and participation 
 
 
3.3.3 Analysis of data 
The data from the opinion survey were downloaded from the Bristol Online Survey 
platform, into SPSS version 22.  Following coding, the data were checked for accuracy by 
using histograms to give a visual representation of frequencies.  The design of the online 
questions ensured accuracy by using multiple choice options.  A new variable was created 
to indicate those respondents that had studied at University (either as their initial training 
route or following their professional registration).  As suggested by Carter et al. (2000), a 
list of variables (dependent and independent) and measures of influencing factors, were 
drawn up and used to plan potential relationships to be analysed (see Appendix-ix).  The 
descriptive statistical tests used were frequency reporting for each question and the 
responses.  The demographic information was cross tabulated with the opinion responses 
in questions six, seven and eight, using Chi-Square analysis, to establish any associations 
(as originally specified in the aims and objectives (Section 1.4)), results are presented in 
Section 4.3).   
 
The final question in the survey allowed paramedics to suggest their own reasons for not 
intubating in cardiac arrest, these responses were analysed using inductive thematic 
analysis (after Clarke and Braun, 2013).  Out of the 181 respondents, 99 opted to give an 
individual reason for not intubating.  Each free text response was analysed to identify 
themes that enabled the capture of recurring patterns across the data set (after Patton, 
1990).  The themes are summarised and illustrated using quotations (see Section 4.3.5).   
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link
• Paramedics asked 
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colleagues
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• Survey closed once 
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3.4 Comparative study (stage three) 
There is limited existing published research on the use of alternative intubating methods 
by paramedics in the UK, hence there is no clear evidence as to the most effective for use 
in practice.  The aim of this stage of the research was to examine and compare the ability 
of paramedics to effectively use alternative intubation devices.  The review of the literature 
(Chapter Two) identified key elements that should be considered when measuring the 
effectiveness of AIDs, which were factored into the study design.   
 
A prospective, experimental, comparative study was conducted, gathering quantitative 
and qualitative data, by means of a randomised repeated measures design (after Murad 
et al., 2016).  Throughout this section, explanations of the methods used to collect and 
analyse the data are given.  Figure 3-6 gives a diagrammatic outline of these processes.   
 
 
Figure 3-6: Process of prospective, experimental, comparative study (stage 3) 
 
 
3.4.1 Equipment and preparation 
Four methods of intubation were selected for comparison in this stage of the research 
project.  The Airtraq device is a video-optic device, which allows the user to look down the 
top of the device into the airway, rather than into the patient’s mouth.  This device was 
selected due to its applicability to prehospital practice, combined video-optic design and 
Pilot Study & 
Preparation
•Pilot Study, equipment acquisition
•Data collection form developed
•Resources set up and paramedic present for pilot study
•Explanation of devices given
•Order of devices selected using cards
•Devices use in order of selection 
Participation
(Stage 3a) 
•Demographic information from paramedics collected and documented
•Order of devices selected using cards
•Each device used to intubate in order of selection
•Time to intubate and ventilate recorded for each device
•Number of attempts required to successful intubation documented
•Adverse effects noted by researcher
Questions
(Stage 3b)
•Paramedic participants asked to rank devices in order of preference
•Participants asked to give their reasons for their preferences
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availability to the researcher.  A retroglottic device (the Combitube) was included; the 
design of which allows for the tube to be passed behind the larynx and glottis (in the 
oesophagus).  Different to supraglottic devices, a retroglottic device creates a seal above 
and below the laryngeal inlet, providing a direct conduit for ventilation (Laurin and Murphy, 
2016).  This device was considered appropriate, due to its extensive use worldwide as well 
as historic use in the UK, for comparison to other devices.  An intubating laryngeal mask 
airway (iLMA) was included due to the lack of research carried out on this device, 
particularly in the prehospital environment.  This technique involves the insertion of a 
supraglottic airway (the laryngeal mask airway (LMA)) and the passing of an endotracheal 
tube through the LMA.  The aforementioned devices were compared to the fourth method; 
a standard blade laryngoscope.  In this research a Macintosh blade was used, being a 
commonly used blade in UK frontline paramedic practice (on adult patients) (Gregory and 
Mursell, 2010).18   The devices and a stop-watch were bought by the researcher and a 
mannikin head borrowed for the duration of the project.  The researcher’s personal 
portable computer was used to document collected data on a data collection form.   
 
A data collection form was constructed in Microsoft Excel (Appendix-x). Sample 
characteristics were collected (age, gender, education background and experience of 
participants) to allow for analysis of associations with outcome variables, as specified in 
Section 3.4.4.  The order of the devices was randomised to prevent serial bias and this 
was also documented on the data collection form.  The measurements relating to the 
primary outcome variables of success rate and time to ventilate were documented, with 
author’s notes on adverse effects observed during intubation attempts.  The same data 
collection form was used to collate the paramedics’ ranking of the devices and reasons for 
these, as well as any other comments.  The data collection form was completed 
electronically and each column formatted to allow for coding at point of data entry to help 
reduce data inputting errors.  Statements and comments made by the participants were 
input by the researcher as free text in the preference reasons and additional comments 
columns.  These were recorded verbatim, with no prompting to prevent researcher 
influence.  Data were checked at point of data entry for accuracy and again prior to data 
analysis.  No personal identifiable data were collected on the electronic data collection 
form (see Section 3.5.5).  The data collection process was tested in the pilot study.   
 
A pilot study was carried out to help establish the processes to be used within the 
experimental, comparative study (as per Creswell, 2013).  A paramedic who had not taken 
part in the online survey, nor would participate in the actual study, completed a pilot study 
                                         
18 The flexible scope fibreoptic method was not used in the research due to the associated 
equipment required for its use (which deems it unsuitable for prehospital practice).   
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with the author.  Both practitioners followed the process outlined in Figure 3-6, to identify 
any procedural issues.  The pilot study identified that the selection of devices and 
intubating a mannikin was not problematic, however the paramedics’ knowledge of the 
devices was limited.  The process of practising with the devices was discussed at length 
and it was decided that explanations of the devices in didactic and diagrammatic form 
would be used, rather than a ‘practice’.  This was largely due to time constraints; each 
participation session took around 12 minutes and it was expected that this would take 
longer with practitioners less familiar with the devices and research process.  Alongside 
this, demographic data required inputting as well as the preference of the devices in 
ranked order, leading to further time taken.  During the pilot study, minor amendments 
were made to the data collection form; the format of numbers inputted and an additional 
response to training background (to make similar to the opinion survey question used in 
stage two).   
 
3.4.2 Recruitment, the sample and consent 
The research took place among the paramedic population from East Midlands Ambulance 
Service (EMAS).  For similar reasons to those presented in explanations of stage one (see 
Section 3.2) only paramedics in the East Midlands region were recruited for the 
comparative study and all practicing paramedics in this region were eligible to participate. 
 
Paramedics were initially sampled using an expression of interest request at the end of 
the survey.  However, this was not effective, with five paramedics expressing an interest 
in participating and just two of these partaking in the comparative study.  Quota and 
convenience sampling were used to recruit participants, which were quick methods of 
sampling (from Teddlie and Yu, 2007) and a practical approach given limited resources in 
time and money available for the project.  Paramedics that the researcher had recruited 
by word of mouth made contact and a suitable time to meet and participate was arranged.  
At the same time, the EMAS training and development lead and local ambulance clinical 
operations manager were approached and gave permission for the researcher to visit 
ambulance stations and training schools across the region, to carry out the experimental 
element of the study (see Appendix-xi).  The nature of quota sampling allowed for 
representation of the requirements for this stage of the research (registered paramedics), 
with the advantage of just one category of participants being required (see Denscombe, 
1998).   
 
Other methods such as random sampling from a register of paramedics were considered, 
although ideally a stratified sampling method would have been used to ensure each 
paramedic in the region had an equal chance of being selected to participate.  Both 
methods would have been likely to provide a representative cross-section of the 
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population.  Unfortunately, a central register was not available to select from and given 
the nature of shift times, the fact that paramedics were taking part in their own time and 
the limited time and money available to the researcher, random and stratified sampling 
methods were not possible.  To demonstrate that a representative sample was generated 
(using convenience sampling) and that paramedics were not purposefully sampled 
according to certain characteristics, demographic information was collected from the 
participants.  These data were analysed using descriptive statistics (see Section 3.4.6) and 
further interpreted and discussed in relation to the opinion responses given.   
 
It is reasonable to select the most convenient sampling method when there are equally 
valid methodological options (after Denscombe, 1998), though it is recognised that the 
convenience sampling method does not justify the selection of participants.  Using 
alternative sampling methods, a pre-determined sample size would have been calculated 
and used to determine the number of participants required.  This was employed by the 
researcher, to ensure rigour and reduce potential bias in this stage of the research.   
 
An a priori calculation was performed at the research design stage in order to determine 
the sample size required for this experimental study.  A repeated measures design was 
used, where the outcomes for several devices could be compared pairwise for the same 
participant. The standard deviation of the difference in means for the primary outcome 
measures was not known in advance and so the required sample size was calculated using 
minimum detectable difference expressed in terms of the effect size (Cohen’s d: the 
standardised difference in the means (Cohen, 1988)).  An effect size of d=0.3 was chosen 
to represent a small-to-medium difference. The calculation was performed for a paired t-
test of two means (i.e. between two devices). A sample size of 71 data pairs from a 
population of 1000 achieves 80% power to detect a mean of paired differences of 0.3 with 
an estimated standard deviation of differences of 1.0 and with a significance level (alpha) 
of 0.05 using a two-sided paired t-test. 
 
Following recruitment, explicit consent was obtained. Those opting to participate in the 
comparative study were asked to read the participant information sheet and to complete 
a consent form (Appendix-xii).  Further details on ethical considerations and governance 
are presented in Section 3.5.  Paramedics were advised that they were participating in 
their own time and there was no materialistic incentive, or pressure to partake.  It was 
also made clear (with prior agreement from EMAS), that there would be no impact on their 
employment.  The recruitment and sampling strategy was successful, with paramedics 
participating out of interest and free-will (after Bowling, 2014).  Seventy-two paramedics 
were recruited, exceeding the target sample size by one. 
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3.4.3 Data collection 
The participants used each of four intubation methods19 on a mannikin whilst being 
observed and timed. Figure 3-7 illustrates the equipment used and processes employed 
for data collection.  The participants randomly selected covered cards (closed envelope 
technique) to identify the order in which they would use the devices, thus preventing serial 
bias (after Bowling, 2014) and used each device to intubate (size 6.0 endotracheal tubes 
were provided for use with the Airtraq, iLMA and MBL).   
 
 
Figure 3-7: Equipment and processes used for comparative study data 
collection 
 
All participating paramedics were familiar with a Macintosh blade laryngoscope (MBL), 
though not the other devices (the Airtraq, Combitube and intubating laryngeal mask 
airway (iLMA)).  The MBL technique is currently taught and used in practice nationally.  
Given the scope and resource limitations of the research project, it was not possible to 
offer training in the remaining techniques which is notably a limitation of this type of study 
design.  In an attempt to lessen the impact of this difference a brief explanation of the 
devices and how they work was given to all participants prior to their use, as well as sight 
of the mannikin that was used for the simulation.  Practice attempts were not permitted, 
and this was consistently applied, to prevent recall or memory bias.      
 
The time taken, number of attempts needed for successful intubation and any adverse 
effects (for example excessive force used) were logged on the data collection spreadsheet 
in Microsoft Excel.  Time was measured from ceasing simulated oxygen administration 
with ventilation via a bag valve mask, to lung inflation from simulated ventilation20.  The 
                                         
19 A Macintosh blade laryngoscope (MBL), Airtraq, Combitube and intubating laryngeal mask 
airway (iLMA) 
20 This emerged as weakness in the study design, discussed in Section 6.2. 
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number of attempts required to successfully intubate and overall success rate were 
recorded.  A maximum of three attempts for each device was allowed, which follows 
practice guidelines for intubation (Royal College of Anaesthetists, 2013; Association of 
Anaesthetists, 2017).  If intubation was still unsuccessful after three attempts this was 
recorded as an unsuccessful intubation. If participants did not proceed to use all attempts 
following unsuccessful intubation, this was also documented.  Throughout the 
experimental study, a gum elastic bougie was made available for paramedics to use if they 
wished. 
 
Once each method or device had been used, the paramedics were asked to rank the 
devices in order of preference, number one being the most preferred and number four the 
least favourite.  They were then asked to give a reason for their choice, as well as any 
other comments on the devices, which were again documented on the data collection form.  
The researcher also kept brief observational notes on the actions of participants during 
their attempts, alongside any commentary that they shared.   
 
3.4.4 Analysis of data 
Data from the spreadsheet were imported into SPSS version 22.  The data were checked 
for accuracy (by using histograms to give a visual representation of frequencies) and 
restructured for analysis.  A binary categorical variable was created to represent the 
‘success or failure’ of each device.      
 
The quantitative data were reported on using descriptive statistical analysis, with 
frequency reporting for the demographic information and the variables relating to success 
rate and time.  To compare success rate, a Cochran’s Q test was used and pairwise post 
hoc tests were performed to investigate any differences between devices.  To compare 
attempts required for intubations between the devices, an analysis of variance (ANOVA) 
was used to perform a repeated measures comparison.   
 
The mean time to intubate with each device was reported on using the time taken to 
intubate with all attempts and again with just successful attempts.  To compare time to 
intubate, a repeated measures ANOVA was performed with four conditions (the devices) 
and no within subject factors.  This test was again applied to the data set with all the 
attempts, as well as just the successful attempts.  Mean time difference significance and 
95% upper and lower confidence intervals for differences were reported on.  The median 
values for preference rankings given by paramedics were calculated and comparisons 
made using an ANOVA for repeated measures.  The preferences and some of the 
demographic variables (age, training background and number of years’ experience) were 
correlated using a chi square tests to establish any associations.  
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Data collection and transcription of free text, qualitative data, was completed by the 
researcher, using inductive thematic analysis (after Braun and Clarke, 2006).   The 
thematic analysis was data-driven, not complying to any pre-existing coding frame.  The 
comments were read, reviewed and coded using recurring patterns across the data set 
(see Patton, 1990).  The analysis was then re-focused at a broader level, by collating the 
coded statements into themes (as per Braun and Clarke, 2013).  The main themes that 
emerged were; process of intubation, outcome of intubation, training and exposure to the 
alternative intubation devices and user friendliness, which related to reasons for most and 
least preferred devices.  Final analysis was present in the narrative write-up of the themed 
statements and extracts from paramedics’ statements have been included (see Section 
4.4.6).    
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3.5 Ethical considerations 
The previous sections in this chapter have explained and justified the data collection, 
recruitment sampling and data analysis methods used in the research.  To demonstrate it 
is also ethically sound, an overview of how local and national ethical guidelines and 
theories were examined and followed is outlined in Section 3.5, discussed in relation to 
the methods justified above.    
 
This research project poses a range of ethical challenges, requiring the researcher to 
examine personal actions, beliefs and values (see Section 3.5.5).  The design of the 
research was underpinned by critical engagement with potential harms and benefits, 
conflicts and agreements and the justification of decisions (after Comstock, 2016).  The 
multi-faceted nature of the methods entailed various sampling and data collection 
techniques, with changing levels of participant involvement at each stage of the method. 
These issues have been systematically interrogated, in relation to participants, data and 
the researcher, to ensure right and good methodological ethical practice (see Sections 
3.5.1 to 3.5.6).   
 
A series of ethical considerations were presented in the initial research proposal which was 
duly submitted to the Research Ethics Committee (REC) at the University of Northampton.  
Agreement from the REC ensured certainty and confidence that institutional ethical 
guidelines had been planned for, in order that no harm would come to participants or the 
researcher in completion of the research.  Ethical review from a Health Research Authority 
Research Ethics Committee were checked and ethical opinion was not required from the 
NHS REC for various reasons (NHS HRA REC, 2017) (Appendix-xiii).  At all times 
throughout the research, the codes of conduct from the Nursing and Midwifery Council 
(NMC) and the Health and Care Professions Council (HCPC) were adhered to (HCPC, 2012; 
NMC, 2018).   
 
3.5.1 Participants: Recruitment and Rights  
There were no patients or vulnerable participants; no people with learning difficulties or 
disabilities, nor children used in the research.  The case note review incorporated the notes 
of adults over the age of 18 years and the opinion survey and comparative study used 
NHS paramedic participants, who gave consent before participating (see Section 3.5.3).   
 
The case note review was classified as a service evaluation by the Medical Research Council 
(MRC, 2017) therefore did not require ethical review from the HRA (NHS) REC.  Data were 
collected about patients suffering cardiac arrests and airway management during the 
clinical cases.  Throughout the case note review, anonymity and confidentiality were 
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maintained; the researcher was given data which was anonymised at source by EMAS, in 
line with best ethical practice (Sapsford and Abbott, 2006; Biggs, 2010).   
 
The opinion survey and comparative study recruited NHS staff (registered paramedics) as 
participants, through convenience and snowball sampling (after Denscombe, 1998).  In 
the online survey, the information collected was again both confidential and anonymous 
(Sapsford and Abbott, 2006; Biggs, 2010).  Paramedics had a right to be included in the 
research and the survey was not exclusive; sharing of the link to the survey was 
encouraged between paramedic colleagues working with ambulance services in the UK (as 
per Long and Johnson, 2007).   
 
In the comparative study, solely EMAS paramedics were asked to participate.  
Confidentiality was maintained; only the researcher and the paramedic knew of the data 
collected at this stage.  This presented some benefits, in that any further comments could 
be added to a participant’s data set by the researcher at a later point if required (after Bell 
and Waters, 2014).  The researcher kept a record of a participant number, in relation to 
participant, using a secure technique21.  This alternative with data checking and these 
records were destroyed following data checking and analysis.  Statements pertaining to 
confidentiality and the use of data were made clear in the information sheet, prior to 
gaining explicit consent from the participant (Appendix-xii).  There was a participant right 
to withdraw from the research project at any time prior to data collection (after Biggs, 
2010). It was made clear in the information sheet that once a participant had taken part, 
the anonymised data would be used for analysis.  
 
A risk assessment of the research was undertaken and there were no major risks, nor 
identified personal benefit for paramedics participating.  The potential degree of harm 
envisaged for participants was low, the risk being possible distress caused by asking 
questions about one’s experiences and demographic information data collection 
(Department of Health (DOH), 2005).  The researcher is a skilled communicator and 
healthcare professional with 17 years’ experience in practice, able to identify distress or 
difficulties and handle situations using effective interpersonal skills.   
 
3.5.2 Consent 
The principle of informed consent was used as a protective element for participants in this 
research (after Comstock, 2016). For the opinion survey, participants were deemed to 
have consented to participate after they had accessed the briefing page and proceeded 
                                         
21 Coded initials and the environment was used to record participant number in relation to 
participant 
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through to the questions.  It was made clear that once their answers were submitted, it 
was not possible to remove them.  The initial information also explained that the responses 
given would be anonymous and confidential.  It is recognised that consent may have been 
given for altruistic reasons, in that there may be a benefit to others in changing future 
practice (Smith, 2003).   
 
For the comparative study, an information sheet was used and the boundaries relating to 
confidentiality and use of the data for the purposes of research made clear (after DePoy 
and Gitlin, 2007) (Appendix-xii).  Participants were deemed to be competent, able to 
decide for themselves and were not coerced into participating (Long and Johnson, 2007).  
Consent was given with verbal agreement and continuation with the comparative study.  
It could be argued that written consent should have been gained, though this would have 
led to personal identifiable data being collected, thus increasing data security risks.   
 
The importance of protecting participants and their views was not undermined, as 
recommended by Biggs (2010).  To support participants, contact details of the researcher 
were provided at every opportunity (including on the electronic survey and participant 
information sheet), to support further information requests of participants.   
 
3.5.3 Data management 
All the data collected was relevant and for use in this research only.  The data collected in 
the retrospective case note review contained no personal identifiable information of patient 
or practitioner, therefore no participants in stage one of the research were distinguished 
from others (as per the Data Protection Act (DPA), 1998 (Gov.UK, 2018), which was the 
leading data protection legislation at the time that the research was carried out).  The data 
sharing agreement that had been drawn up by the researcher and EMAS was adhered to 
and the researcher agreed to terms set by the ambulance service, which stated that data 
protection legislation would be followed throughout the research project.   
 
In the opinion survey and comparative study, primary data were collected and again there 
was no personal identifiable information in any of the data collection forms.  The data were 
used to identify sample characteristics that might be associated with results, such as age 
or experience, none of which would have an ill effect on the participants or organisations 
involved in the research.  The individual’s right to privacy, in particular with respect to the 
opinions that they shared, was sustained throughout the research project (after Bell and 
Waters, 2014).   
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Questions posed to the participants following the comparative study (stage three) asked 
for the devices to be ranked, with reasons for preferences.  The study was designed to 
ensure that participants could articulate, as freely as possible, their opinion.  The 
researcher did not pose judgement on these statements and at the same time 
confidentiality was maintained.  If, during intubation attempts, dangerous practice was 
witnessed, the researcher proposed to disclose this to the head of training and 
development at EMAS.  Participants were made aware of this limit of confidentiality during 
the informed consent process.   
 
3.5.4 Conduct of the research and data storage 
The researcher worked within local and national guidelines set by the University of 
Northampton, NMC and HCPC (HCPC, 2012; NMC, 2018).  Further to this, advice and 
guidance was taken from the head of clinical governance, audit and research at EMAS, as 
well as from academic supervisors.  Although ethical review was not required from the 
NHS REC, the researcher worked within the research governance framework at all times 
(DOH, 2005).   
 
The Freedom of Information (FOIA) (2000) and Data Protection Acts (DPA) (1998) both 
have clauses that relate to personal data, which was neither collected nor stored.  
However, the clauses underpin the principles of non-identifiable data used and stored for 
throughout this research project.  The eight key principles given by the DPA about 
information storage were adhered to and the data were processed and stored with ethical 
integrity (Gov.UK, 2018) (Appendix-xiv).   
 
The raw data were low risk to participants and would not harm the ambulance service or 
University’s reputation.  Data were stored securely by the researcher, in password 
protected files accessible only by the researcher.  The electronically stored data will be 
destroyed and deleted no longer than three years post-successful completion of the award.  
 
3.5.5 The researcher    
The author reflected on personal and professional obligations throughout the research to 
ensure an ethically balanced approach (as per Bell and Waters, 2014) and to minimise 
risks of bias.  Upholding personal and professional integrity and personal morals was 
imperative throughout the research process (after Doherty and Purtilo, 2016).  As an 
Emergency Nurse and an educator within the field of urgent, emergency and paramedical 
practice, the researcher had a duty to uphold the Nursing and Midwifery code and 
professional standards of practice (NMC, 2018).  Through both roles the researcher has 
gained knowledge and insight into airway management techniques used both in and out 
of hospital and is able to reflect on clinical decisions made and justify approaches used.  
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The researcher’s own values and morals, which include traits such as honesty and 
dependability, as well as preventing harm and providing good) have been upheld 
throughout the research process and are central defensible approaches to research (Long 
and Johnson, 2007).   
 
It is understood that researchers are also exposed to potential harm, which has been 
minimised throughout this research project.  For example, at no point was the researcher 
lone working when collecting data, as this was always carried out in a safe familiar 
environment22.  This ensured that should a participant become distressed or angry, the 
researcher was protected in the form of other professionals nearby.  Contact was made 
using the researcher’s mobile telephone, to contact people known to the participant only.  
Personal telephone numbers or address details were not divulged to other participants, 
though the email and work address of the researcher was clear.  The email address used 
was solely for use during the research project by the researcher, in a student capacity.   
 
3.5.6 Researcher positionality 
Throughout the thesis and in particular in the discussion chapter (Chapter Five), the issue 
of positionality and therefore potential bias (in terms of researcher subjectivity) has been 
considered.  Bias as an inclination or prejudice for or against one position, is more 
prominently related to qualitative research (and non-positivist studies), though the notion 
has been considered throughout this thesis.  The researcher understands that bias exists 
in all research across study designs, for example design bias, selection/participant bias, 
data collection, measurement or analysis bias.  Researcher bias is defined as personal 
experiences, ideas, prejudices and personal philosophies, which may affect the research 
outcomes (see Smith and Noble, 2014).  Further, knowledge relating to effective patient 
care, clinical practice and professional understanding are consequences of positionality 
(reflecting the personal beliefs and motives the author may have) (after Sánchez, 2010).  
These have been examined through the principle of reflexivity.  Several possible biases 
have been considered (listed above), leading to the modification of wording in each chapter 
to ensure suggestive outcomes are not made.  A systematic literature review approach 
(using the PRISMA guidelines) was used to extract the papers that support the rationale 
for the study.  The aims have been continually scrutinised to ensure that they offered a 
neutral stance, as were the questions posed at the beginning of the literature reviews.  
The reflective process allowed for revision of the thesis and the removal of leading phrases 
or wording.   
 
                                         
22 The areas used were ambulance stations, training school rooms, University classrooms and the 
researchers place of work. 
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Study design and methodological approaches have the potential for introducing bias.  This 
was taken into account in the planning of each stage of the study, where the research 
methods and processes were critically analysed (after Green and Thorogood, 2009).  The 
methods used have attempted to minimise any potential bias through sampling and 
sample sizes.  Some potential biases have been identified in stages two and three of the 
study, where participants were actively involved.  In stage two (opinion survey), despite 
the consideration of the validity and reliability of the survey, some of the questions asked 
may have been interpreted as ‘leading’ questions.  For example, questions six ‘which 
airway devices would you commonly use in a non-traumatic cardiac arrest?’ suggests that 
airway devices would be used in OHCA.  Question seven asks if paramedics ‘think that 
endotracheal intubation is gold standard for airway management in cardiac arrest’, again 
implying that there is a gold standard airway management practice for patients in OHCA.  
Much as some of the evidence presented in Chapter Two supports this, the conclusion of 
the literature review is that the choice of airway management technique in OHCA remains 
controversial.  The final survey question asked ‘why would you not intubate a patient in 
cardiac arrest’, which may also be considered leading in terms of wording used.  The 
analysis of the qualitative responses followed the principles and practice for thematic 
analysis.  The themes were extracted from the survey text with due regard to researcher 
positionality.   
 
In stage three of the study, the participants were asked to rank the AIDs in order of 
preference and justify this in their own words.  Not priming the participants with words or 
ideas helped to prevent bias or influence from the researcher or through leading or 
question-order bias (see Chapter 3.4), which has been further reflected upon in Chapter 
5.4.  The reflexive approach has helped to validate the discussions within the thesis (after 
Mantzoukas, 2005) and enabled identification of the limitations and weaknesses, 
particularly in stages two and three of the study.  It is suggested that the biases that have 
emerged through this process could be addressed in future research (see Chapter 6.3).   
 
3.5.7 Dissemination 
The researcher maintains responsibility for the results of the research and dissemination 
of these.  When considering the ethics around research dissemination, the researcher 
acknowledges that papers of a similar nature may be submitted to satisfy professionals, 
patients and other researchers as readers.  Additional forms of dissemination may include 
conferences, which will reveal similar concepts to the original piece of work.  The original 
piece of work with minimal modifications (to prevent self-plagiarism) will be used with all 
dissemination methods (after Long and Johnson, 2007).  
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3.6 Summary 
This chapter has introduced the three-stage approach used to meet the research aims and 
objectives outlined in Chapter One.  The distinct methods used for the research built upon 
and combined methodologies at each stage and follow a dynamic, positivist approach, 
underpinning the reality of airway management and systematically exploring the 
phenomenon (Shanks and Parr, 2003).  A comprehensive overview of the association 
between method, objective, research approach and analysis has been provided, with 
explanations of how the research design uses primarily quantitative data collection 
methods and incorporates elements of qualitative data analysis.   
 
A case note review at stage one was appropriate to gather retrospective data, providing 
an overview of current practices relating to airway management in the prehospital 
environment (Crowe et al., 2011; Yin, 2009).  The retrospective nature allowed for data 
to be collected from the East Midlands region in the UK.  Using one area in the UK 
accounted for occasional differences between local guidelines and policies, which may have 
affected decisions in airway management choices.  However, it is recognised that studying 
notes from one region may limit the extent to which findings can be generalised to other 
areas.  The inclusion criteria discounted children from the research, though included adults 
in cardiac arrest and traumatic cardiac arrest patients, focussing on the airway 
management during the events (Resuscitation Council, 2015).  Collaboration with the 
ambulance service (EMAS) for data sharing and governance agreements, was a key 
element of this stage.  Questions and criteria were developed for data extraction, that 
befitted both the researcher and EMAS (after Hutchinson et al., 2010).  Data were collected 
over a period of a year, avoiding the national Airways-2 trial, which commenced in June 
2015.  Data were extracted and presented to the author in the form of summarised 
information, on a spreadsheet.  Unfortunately, raw data were not able to be extracted and 
presented.  Data were analysed using appropriate descriptive statistics, to report on the 
data according to type, frequency and success rates of airway adjuncts used.   
 
An online survey was used to gather data from paramedics on their opinions of airway 
management and endotracheal intubation in practice.  This was deemed the most 
appropriate method to provide rich data from the population (as per De Vaus, 2002 and 
McNeil and Chapman, 2005).  The eight questions were carefully constructed to ensure 
reliability and validity in results, to generate new knowledge.  The survey was short in 
length which was likely to lead to a higher number of respondents (Creswell, 2013).  
Distribution was via a chain referral sampling technique, beginning with paramedic 
practitioners accessed by the researcher and these paramedics referring the survey link 
to practitioner colleagues.  Voluntary responses lead to 181 respondents completing the 
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survey.   The demographic data were presented using descriptive frequency reporting in 
SPSS version 22, with Chi-square tests used to compare the demographic and opinion 
related variables.  The free text responses in the final question were extracted and 
analysed using inductive thematic analysis (after Braun and Clarke, 2006).   
 
A prospective comparative study was carried out in stage three, to examine and compare 
the use of alternative intubating methods by paramedics.  Equipment was gathered and 
preparations made, to carry out a pilot study and develop a comprehensive data collection 
form.  A cohort of 72 paramedics from East Midlands Ambulance Service (EMAS) were 
recruited, using a quota and convenience sampling methods.  An information briefing sheet 
informed the participants of the study and consent was explicit by continuing to partake 
in the research.  Participants were given a brief explanation of each device, before 
selecting the devices in a random order, to prevent serial bias.  The paramedics were 
asked to intubate a mannikin head using each alternative intubation device, to the point 
of lung ventilation.  Predominantly quantitative data were collected, though quantitative 
methods were used to gather a small but meaningful selection of data for qualitative 
analysis, in order to explore findings (after Creswell and Plano Clark, 2011).    Data were 
analysed in SPSS and frequency reporting carried out on the demographic information, 
device success rates and mean times to intubate.  Inferential statistical analyses were 
carried out, including Cochran’s Q tests and analysis of variances to further examine the 
data.  Inductive thematic analysis was applied to the free text comments, first by coding 
responses, before broad themes emerged for reasons given for most and least favoured 
devices (after Braun and Clarke, 2006).   
 
Section 3.5 outlined the ethical dimensions considered throughout the methods employed 
during the research.  No vulnerable groups were recruited and personable identifiable data 
were not collected.  The need for NHS HRA REC (NHS, 2017) approval was negated, though 
local agreement was sought and agreed from the REC at the University of Northampton.  
Codes of ethics and conduct from professional bodies, namely the NMC and HCPC, were 
adhered to (HCPC, 2012; NMC, 2018).  The recruitment process saw no wrongs with 
allowing participants that fitted the criteria to be included in the research, in accordance 
with their right to participate.  At the same time, informed consent was gained and the 
participants demonstrated explicit consent at stages two and three of the research.  
Storage of data met DPA (1998) legislation and no personal identifiable information was 
stored or shared throughout the research project.  The researcher undertook responsibility 
for protecting participants as well as herself whilst collecting and disseminating research 
findings.  The methods outlined in this chapter were followed, encompassing the ethical 
considerations explained.  The results of the data analyses from each stage are presented 
in the following chapter.  
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Chapter 4 Results  
 
4.1 Introduction 
The previous chapter gave detailed accounts of the methods and ethical considerations 
applied to collect and analyse the data.  A three-stage approach was undertaken: a case 
note review, opinion survey and an experimental comparative study, which led to the 
collection of predominantly quantitative, with a small amount of qualitative, data.  The 
results of the data analyses are presented in this chapter and discussed in Chapter Five, 
in the context of the existing literature (presented in Chapter Two).   
 
 
4.2 Results of the case note review (stage one)  
The aim of the case note review was to discover current practice relating to airway 
management and intubation in the prehospital environment (Section 3.2).  Data were 
gathered about the cardiac arrests that East Midlands Ambulance Service (EMAS) attended 
over the period of a year and the airway management techniques used during resuscitation 
attempts.  Unfortunately, data collection and sharing limitations did not allow the collection 
of raw data from each cardiac arrest case.  Instead, summary data were provided, which 
allowed for descriptive statistical analysis only.   
 
4.2.1 Airway devices used in cardiac arrest 
Throughout the year, EMAS personnel attended a total of 3,872 cardiac arrests, of which, 
2,779 (72%) patients had resuscitation methods delivered.  Data were provided on the 
airway adjuncts23 used and the success rate of these during the cardiopulmonary 
resuscitation attempts (Figure 4-1).  A total of 3,065 airway devices were used (more than 
one airway adjunct may have been used in each arrest, if a step-wise approach was taken 
to airway management).  For the simple airway adjuncts; 493 (17.6%) of patients received 
an oropharyngeal airway (OPA) and 69 (2.4%) of patients had a nasopharyngeal airway 
(NPA) inserted.  The success rates were; 99.4% for OPA and 95.7% for NPA insertions. 
Supraglottic airways (SGAs) were also used (see Section 4.2.2), these airways are 
generally used in prehospital clinical practice after or instead of simple airway adjuncts 
and before endotracheal intubation (ETI), in the step-wise airway management approach. 
Endotracheal tubes were the most commonly used airway devices (n=1,157) and had the 
lowest success rate (see Section 4.2.3).     
 
                                         
23 The airway adjuncts included oropharyngeal (OPA) and nasopharyngeal (NPA) airways, 
supraglottic devices (SGA); laryngeal mask airways (LMA) or iGels and Endotracheal Tubes (ETTs).   
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Figure 4-1: Frequency of airway devices used during cardiac arrest, with 
numbers of successful and unsuccessful uses 
 
4.2.2 Supraglottic airway devices used for patients in cardiac arrest 
It was not possible to determine whether the personnel that attended the cardiac arrest 
were emergency care assistants (ECA), emergency medical technicians (EMT) or 
paramedics.  ECAs and EMTs do not intubate as part of their skill set, though are able to 
insert supraglottic airways (a Laryngeal Mask Airway (LMA) or iGel).  The data indicates 
that a LMA was used in 691 (24.9%) and an iGel in 655 (23.6%) of cardiopulmonary 
resuscitations (see Appendix-xv).  The data show that in total, less than half the patients 
in resuscitated cardiac arrest had a SGA inserted (n=1,346, 48.4%), success rates were 
97% (LMAs) and 95% (iGels).     
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4.2.3 Endotracheal intubation for patients in cardiac arrest  
The number of ETI attempts made during cardiac arrests over the data collection period 
was 1,157 (41.6%) (Figure 4-2), of which 268 (23.2%) were unsuccessful (Figure 4-3).  
Consequently, less than a third of the 2,779 patients in cardiac arrest were successfully 
intubated (n=889, 32%).     
 
 
Figure 4-2: Endotracheal intubation attempts for patients in cardiac arrest 
 
     
Figure 4-3: Successful and unsuccessful endotracheal intubation attempts 
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4.3 Results of opinion survey (stage two) 
The case note review showed that a high proportion of patients were not successfully 
intubated but there were no data that might suggest why this might be the case. Stage 
two of the research project explored paramedics’ personal experience and opinions of ETI.  
Information was collected from paramedics across the country using a survey (see Section 
3.3), the results of which are presented subsequently.  A total of 181 participants who 
responded to the survey were recruited using a snowball sampling technique (as outlined 
in Section 3.3.2).     
 
4.3.1 Sample characteristics  
The initial five questions of the survey asked for demographic information24 to establish 
the characteristics of the sample, as well as enabling further analysis of paramedics’ 
opinions.  Most of the respondents were from East Midlands Ambulance Service (EMAS) 
(n=125, 69%), with a further seven NHS ambulance Trusts represented in the sample 
(Appendix-xvi).  There were four respondents who selected ‘other’ for the service they 
work for; two of these were hospital based and two were critical care paramedics working 
with a charity.   
 
There were approximately equal proportions of men and women among the paramedic 
respondents: 47% female and 53% male.  The age range, rather than actual age, was 
requested in the survey question.  The respondents had a positively skewed age 
distribution (Figure 4-4), with over half (n=96, 53%) between the age of 18 and 35 years 
old. This distribution was similar to that of the number of years’ experience the 
respondents had (Figure 4-5).  Over half of the respondents had less than six years’ 
experience as a paramedic (n=93, 51.4%).   
 
 
                                         
24 Demographic information collected: the ambulance service worked for, age group, gender, 
training background and number of years’ experience. 
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Figure 4-4: Distribution of age of opinion survey respondents 
   
 
 
Figure 4-5: Distribution of number of years’ experience of opinion 
survey respondents  
 
To gain paramedic registration, professional training courses undertaken ‘in-service’ are 
available, in addition to courses at University, which also provide an academic qualification 
(diploma or degree).  In the sample, 97 (53.6%) paramedics trained at University and 84 
(46.4%) were trained ‘in service’.  Of the latter, 51 had proceeded to add to their 
professional training with an academic qualification at University.  A total of 33 
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respondents (18.2%) had completed their initial training with no further academic study 
(Appendix-xvii).   
 
4.3.2 Airway management devices used in cardiac arrest 
In the opinion survey, a question asked was; ‘which airway devices would you commonly 
use in a non-traumatic cardiac arrest’. Respondents could select multiple responses and  
Figure 4-6 illustrates the responses given.    
 
 
25 
Figure 4-6: Airway devices commonly used in cardiac arrest, as reported 
by paramedics 
 
Of the 181 respondents, 113 (62.4%) stated they would commonly use an oropharyngeal 
airway (OPA) and 35 (19.3%) a nasopharyngeal airway (NPA).  OPAs and NPAs can be 
used together or as alternatives.  It is not possible to identify from the data whether the 
respondents would use these simple airway adjuncts independently or simultaneously.   
 
In a systematic approach to airway management, the next step is the insertion of a 
supraglottic airway (SGA), which could also be used in place of a simple adjunct.  In the 
survey, 147 (over 80%) of the respondents stated they would commonly use a SGA; either 
                                         
25 The ‘other’ response relates to one paramedic suggesting they would commonly perform a 
surgical cricothyroidotomy in cardiac arrest. 
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an iGel (n=130) or a laryngeal mask airway (LMA) (n=17).  A similar number of 
respondents (n=142, 78.5%) indicated they would perform endotracheal intubation (ETI) 
during cardiac arrest. 
 
4.3.3 Endotracheal intubation during cardiac arrest 
From the 181 respondents, 151 (83%) answered that they considered ‘endotracheal 
intubation to be gold standard airway management during cardiac arrest’.  An additional 
nine (4%) had not indicated they would commonly perform ETI in a cardiac arrest 
situation, though believed ETI to be gold standard airway management.  Opinions around 
potential reasons for this and other aspects of ETI (in OHCA) were investigated in the final 
question of the survey (see Section 4.3.5).   
 
4.3.4 Association of demographic information with endotracheal intubation 
opinions 
The opinion survey data were further analysed to establish whether the demographic data 
were associated with opinions and reported use of ETI.  This was in line with the second 
aim of the research; to ascertain paramedics’ opinions on airway management and ETI in 
the out-of-hospital environment and identify any associations between opinions and 
demographic data (Section 1.2).  Table 4-1 summarises the results of the statistical 
comparisons between the demographic variables and paramedics’ responses to the 
questions relating to ETI in cardiac arrest.  
 
Table 4-1: Comparison of demographic variables and opinions of paramedics in 
terms of endotracheal intubation during cardiac arrest 
Demographic 
variable 
 
Opinion of Paramedic 
 
Commonly use 
endotracheal 
intubation in cardiac 
arrest 
Endotracheal intubation is gold standard 
Age 
 
 
No differences 
Statistically significant difference:  
Older paramedics were more likely to 
consider ETI to be the gold standard airway 
management, in cardiac arrest  
Training 
background 
 
 
No differences 
Statistically significant difference:  
Paramedics that initially trained through the 
in-service route were more likely to consider 
ETI to be gold standard airway management 
in cardiac arrest than those who trained at 
University 
Number of 
years’ 
experience 
 
 
No differences 
 
No differences 
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4.3.5 Paramedics’ opinions of endotracheal intubation during out-of-hospital 
cardiac arrest 
The final survey question asked for reasons not to intubate a patient during cardiac arrest.  
The optional answers were devised following comprehensive consultation of the literature, 
which identified key concepts and potential reasons for not carrying out intubation in 
practice.  Respondents selected as many options as they felt appropriate (Table 4-2) and 
were also offered the opportunity to give their opinion on ETI in OHCA.  The percentages 
given in the text below refer to the percentage of the total sample size; 181 respondents 
(they add to more than 100% because of the facility to choose more than one option).   
 
Table 4-2: Response rates for reasons not to intubate during cardiac arrest, as 
given by paramedic respondents 
 Skills not 
up to date 
 
Equipment 
not available 
Takes too 
long 
Against 
service 
guidelines 
Other 
Number of 
responses 
 
21 53 33 10 99 
Percentage of 
respondents 
 
11.6% 29.3% 18.2% 5.5% 54.7% 
 
 
The free text responses given by paramedics were analysed and coded (see method 
Section 3.3.3).  The themes that emerged were recoded and inserted into the SPSS data 
file.  Descriptive statistical analysis with frequency tests demonstrate six themes plus an 
‘other’ category from the responses (Figure 4-7).  The thematic analysis findings are 
outlined subsequently.   
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Figure 4-7: Reasons given by paramedic respondents for not performing 
endotracheal intubation during cardiac arrest   
 
From the 99 paramedics that selected an ‘other’ reason for not intubating, almost a third 
of these suggested that if another adjunct, for example a SGA, was adequate, they would 
not upgrade the airway to an ETT.  Many of these responses referred to the step-wise 
airway management approach, suggesting that stepping up to an ETT would only be 
carried out if required.  Statements from paramedic respondents to the question ‘why 
would you not intubate during cardiac arrest’, included: “if a supraglottic device is 
adequately ventilating and oxygenating a patient and providing adequate airway 
protection” and “if the airway was sufficiently managed by a supraglottic device”.  
Paramedics used the words ‘step-wise approach’ in their responses with statements such 
as “stepwise approach, if an iGel is providing a suitable airway I would not jeopardise this 
for a tube” and “step wise approach, if needed and [an] iGel wasn't working then I would 
upgrade”.  One respondent wrote “if [an] iGel [is] sufficient and [we are] not moving the 
patient, or unable to get a reasonable view”.  This statement refers to the effectiveness of 
a supraglottic airway, the movement or transfer of the patient and the achievement of a 
‘view’ to allow effective intubation.  Other paramedics also eluded to difficulties prior to 
and during intubation attempts, as reasons not to intubate, as well as the action of moving 
patients.   
 
Responses given by 26 (14%) of respondents for not intubating related to the difficulty of 
the airway view or complications during intubation attempts.  Statements such as “unable 
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to intubate owing to view”, “difficult grade view” and “if [it was a] difficult intubation 
resulting in too many/prolonged attempts” were made by respondents.  Difficult views 
relate to the inability to see the vocal cords, due to patient position, patient anatomy or 
obstruction in the airway.  Related to this was the suggestion that ‘space’ or patient 
position is a reason for not intubating, in responses such as; “lack of space to perform 
effective intubation” and “if lack of space on scene”.   
 
Some respondents incorporated more than one reason in their responses, for example;  
“if [an] iGel is seated well, ventilating adequately and the patient has a clean airway i.e. 
No vomit I wouldn't progress to intubation unless ROSC (return of spontaneous circulation) 
was achieved and the patient was to be moved”.  This statement suggests that if another 
device was adequate and there were no airway obstructions, this would be a reason for 
not intubating.  The statement then mentions a return of spontaneous circulation (ROSC) 
and moving the patient, which indicates that if the patient were to be resuscitated 
effectively or need to be moved to a definitive care centre, ETI would be attempted.   
 
Movement, or not, of a patient to a definitive care centre was proposed by paramedics, 
who suggested they would intubate if ROSC (or revival) was achieved, to secure and 
maintain a patient’s airway.  Others suggested they would intubate in an attempt to obtain 
a ROSC, by correcting hypoxia.  The latter statements were incorporated into the theme 
‘patient condition’, as reasons not to intubate.   
 
Several free text responses reiterated that intubation would be performed during the 
cardiac arrest, if required.   Responses such as “I would always attempt intubation” and 
“I would use intubation where appropriate” were given.  A further six respondents were 
part of the Airways-2 trial (Taylor et al., 2016) at the time of responding to the survey 
and provided this information as a reason not to intubate (as they were allocated to the 
supraglottic airway group).  This said, four of these respondents stated they would upgrade 
to an endotracheal tube if required, given the patient’s condition or if the supraglottic 
airway was not adequate (which was clear in the study protocol).   
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4.3.6 Case note review and opinion survey findings  
 
Similar questions were asked of the case note data and in the opinion survey regarding 
the commonly used airway management techniques used in cardiac arrest and whether 
intubation would take place.  The survey responses were compared with the case note 
review data (Figure 4-8).   
 
 
Figure 4-8: Actual and reported use of airway adjuncts in cardiac arrest 
 
The case note review reports on the airways that were actually used in cardiac arrests by 
EMAS personnel and the opinion survey reports on which airway devices paramedics and 
all paramedics stated they would use in a cardiac arrest.   
 
As seen in Figure 4-8 the reported and actual use of ETI in cardiac arrest differs 
significantly.  The results of the case note review demonstrated that ETI took place in 42% 
of cardiac arrests.  In comparison, the reported data from the opinion survey found that 
79% of paramedics stated they would intubate during cardiac arrest.   
 
It was suggested in Chapters One and Two that some of the difficulties that arise during 
intubation could be overcome, allowing for a more effective intubation, if an alternative 
intubation device (AID) was used.  The experimental study undertaken (see Section 3.4 
for methods) compared four intubation methods to determine effectiveness (measuring 
success rate and time to intubate) when used by paramedics and established user 
preference.  The results are presented in the following section.
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4.4 Results of comparative study (stage three) 
A total of 72 paramedics participated in the simulated comparative study, whilst the 
researcher observed and timed the attempts with each method until ventilation of the 
lungs of the mannikin was achieved.   
 
4.4.1 Characteristics of participants 
Demographic information was collected, to give an overview of the sample of participants, 
which included age, gender, training background and experience.  This data was further 
used to identify associations between demographic data and measured outcomes (see 
Section 4.4.5).    
 
A total of 44 (61%) males and 28 (39%) females took part in the comparative study.  A 
wide range of ages were represented   Figure 4-9), with a higher proportion of younger 
participants; 68% between the age of 18 and 40, with the remaining 32% over 40 years 
of age.  This is similar to the national gender proportions and age of the nation’s 
paramedics, according to the Health and Care Professions Council (HCPC), (2017) (see 
Appendix-xviii)     
 
  Figure 4-9: Distribution of age of comparative study participants 
 
Younger participants naturally lead to paramedics with less experience taking part (Figure 
4-10) (as was also found in the opinion survey sample), although there were some less 
experienced paramedics in the older age groups.   
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Figure 4-10: Distribution of years’ experience of the comparative study 
participants 
 
Data analysis showed that there was no association between the number of years’ 
experience and training route undertaken by participants in the comparative study, though 
in the main, participants had studied at University at some point (n=55, 76.4%) (Figure 
4-11).  This could be due to the increased availability of post-registration courses at 
Universities, which derives from the recommendation that the education threshold entry 
level to the paramedic register, is raised to the minimum of an academic diploma by 2020 
(Health Education England, 2013). The ‘other’ column indicates that training was 
undertaken in a different country; two paramedics initially trained overseas, one had 
completed post-registration studies in this country at University.  The paramedics that 
trained in-service only, represents the paramedics that had not proceeded to academic 
study following achievement of their professional registration.   
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Figure 4-11: Training background of participants in the comparative study – in-
service (IHCD) or University  
 
4.4.2 Success rates 
The intubation methods or devices were used in a random order, selected by the closed 
envelope technique (see Appendix-xix).  Whether the device was successful or 
unsuccessful was recorded for each device on the data collection form, determined by 
effective ventilation of the mannikin lungs.  A binary categorical variable was created for 
successful and unsuccessful intubation with the devices.   
 
The data were analysed to investigate whether there were any differences in the successful 
intubation rates between the four devices. The null hypothesis for this test was that the 
distributions of the success rates for all devices are the same. A Cochrane’s Q test was 
used, which is a related-samples test of whether combinations of values between the 
conditions (devices) are equally likely.  This is an equivalent to the repeated measures 
analysis of variance for binary data. 
 
The Cochran’s Q test statistic was 62.630 (n=72, df=3), p≤0.001, which showed very 
strong evidence for rejecting the null hypothesis.  Pairwise post hoc tests were performed 
to investigate where the differences lay (Table 4-3).  As can be seen, there are statistically 
significant differences between the proportion of successful intubations of the intubating 
laryngeal mask airway (iLMA) and all the other devices, but not between any other pairs 
of devices.  
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Table 4-3: Post hoc pairwise comparison of distributions of successful 
intubations between devices 
  Devices compared Test statistic Significance 
(p value) 
Airtraq and Intubating laryngeal mask 
airway 
0.32* ≤0.001 
Airtraq and Combitube 
 
-0.02 >0.999 
Airtraq and Macintosh blade 
laryngoscope 
0.000 >0.999 
Intubating laryngeal mask airway and 
Combitube 
-0.35* ≤0.001 
Intubating laryngeal mask airway and 
Macintosh blade laryngoscope 
-0.32* ≤0.001 
Combitube and Macintosh blade 
laryngoscope 
0.03 >0.999 
        *The difference is significant at the 0.05 level 
 
 
The overall success rates for each device are illustrated in Figure 4-12.  It can be seen 
that for all but the iLMA, the success rates were very high, with only two unsuccessful 
attempts (2.8%) each for the Airtraq and Macintosh Blade Laryngoscope (MBL) and no 
unsuccessful attempts with the Combitube.   
 
 
Figure 4-12: Comparison of overall intubation success rates for each 
alternative intubation device 
80 
 
4.4.3 Number of attempts 
The number of attempts required for the achievement of satisfactory ventilation of the 
mannikin lungs was recorded for each device and is illustrated in Figure 4-13.  
 
 
Error! Reference source not found. 
Figure 4-13: The distribution of the number of attempts needed for successful 
intubation between the devices (including unsuccessful intubation)    
 
New variables were created, which represented the number of attempts to successfully 
intubate with each device, whilst the number of unsuccessful attempts were considered.  
The number of attempts was limited to three, after which the intubation was recorded as 
unsuccessful (see above Section 4.4.2).      
 
Further analysis examined the data associated with successful attempts only to determine 
if there were any differences in the number of attempts required before a successful 
intubation was achieved.  A Friedman analysis of variance (ANOVA) was used to perform 
a repeated measures comparison of this ordinal data.  The null hypothesis for this analysis 
was that the distributions of the number of attempts to successfully intubate, were the 
same across all devices.  The test statistic was 1.550 (n=45, df=3), p=0.671.  Therefore, 
there was no evidence to suggest that there are differences between the devices in terms 
of the number of attempts needed for successful intubation.  However, it is noted that the 
success rate of the iLMA was significantly lower than the other devices.  
 
4.4.4 Time taken  
The total time taken by each participant to effectively use or abandon the attempt with 
each device was recorded, from starting the first attempt to successful ventilation, 
including the time between unsuccessful attempts.  Where the attempt was unsuccessful, 
the time taken before abandoning the procedure with that device was recorded.  Two 
analyses are therefore presented: one using data from all attempts, whether intubations 
were successful or unsuccessful and the other just comparing the successful attempts.   
 
To compare time taken to intubate or abandon intubation, a repeated measure analysis of 
variance (ANOVA) was performed; which requires an assumption of sphericity, namely, 
the equality of the variances of the paired differences, between devices.  Running the 
analysis with four conditions (the devices) and no within subject factors, gave a value of 
Mauchly’s W of 0.632, p≤0.001, which indicates that this assumption is violated.  In these 
cases, a more conservative approach was required to avoid inflation of the type-I error 
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rate.  However, in this case the F ratio is so high (F=41.018, p≤0.001) that reductions in 
the effective number of degrees of freedom, producing the Greenhouse-Geisser estimate 
(GG epsilon=0.76), does not alter the F ratio value, nor the observed power (100%).  
Therefore, it can be assumed that the results are not affected by this apparent non-
sphericity.   
 
Given that the initial analysis shows that the null hypothesis, stating there are no 
differences in the mean times to intubate between devices, is not supported (p≤0.001), 
post hoc pairwise comparisons were performed to investigate where the difference 
occurred.  Bonferroni corrections for Type I error inflation due to multiple testing were 
used, which are conservative.  The results are shown in Table 4-4, where it can be seen 
that intubation times are higher for the iLMA than for all other devices.   
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Table 4-4: Pairwise comparison for post hoc tests for differences in time taken 
to intubate or abandon intubation between devices  
 
Measure: Time  
(all attempts) 
 
Mean 
Difference 
(I-J) 
(seconds) 
 
 
Standard 
Error 
 
 
 
Significance** 
95% Confidence 
Interval for 
Difference** 
(seconds) 
 
Device (I)      
 
Device (J) 
 
Lower 
Bound 
Upper 
Bound 
Airtraq iLMA -63.35* 8.71 ≤0.001 -86.99 -39.71 
Combitube 3.63 5.32 1.000 -10.82 18.07 
MBL 8.89 5.95 0.837 -7.26 25.03 
iLMA Airtraq 63.35* 8.71 ≤0.001 39.71 86.99 
Combitube 66.97* 9.00 ≤0.001 42.54 91.41 
MBL 72.24* 8.87 ≤0.001 48.17 96.30 
Combitube Airtraq -3.63 5.32 1.000 -18.07 10.82 
iLMA -66.97* 9.00 ≤0.001 -91.41 -42.54 
MBL 5.26 6.17 1.000 -11.49 22.02 
MBL Airtraq -8.89 5.95 0.837 -25.03 7.26 
iLMA -72.24* 8.87 ≤0.001 -96.30 -48.17 
Combitube -5.26 6.17 1.000 -22.02 11.49 
 
Based on marginal means 
*The mean difference is significant at the 0.05 level 
**Adjustment for multiple comparisons: Bonferroni 
iLMA – intubating laryngeal mask airway 
MBL – Macintosh Blade Laryngoscope 
 
 
This difference is also illustrated in Figure 4-14.  The mean time taken before successful 
attempts or abandonment was over twice as high for the iLMA (mean=118 seconds) 
compared to the other devices (Airtraq mean=55 seconds, Combitube mean=51 seconds, 
MBL mean=46 seconds). 
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Figure 4-14: Comparison of time taken to intubate between devices (all 
intubations) 
 
The difference in times may be as a result of the high failure rate for intubation using the 
iLMA, as the time taken included the time expended for all attempts.   
 
When only the data for successful intubations were analysed, assumptions of sphericity 
were again violated (Mauchly’s W=0.768, p=0.042) but Greenhouse-Geisser corrections 
did not change the value of F (=12.552, p≤0.001).  This is strong evidence that not all 
mean intubation times for the four devices could be considered equal and post hoc tests 
(with Bonferroni corrections) were conducted between all pairs of devices, to investigate 
where the differences lay.  The results of these are shown in Table 4-5.   
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Table 4-5: Pairwise comparison for post hoc tests for differences in time taken 
for intubation between devices (successful attempts only) 
 
Measure: Time 
(successful attempts 
only) 
 
Mean 
Difference 
(I-J) 
(seconds) 
 
 
Standard 
Error 
 
 
 
Significance** 
95% Confidence 
Interval for 
Difference** 
(seconds) 
 
Device (I) 
      
 
Device (J) 
Lower 
Bound 
Upper 
Bound 
Airtraq iLMA -35.70* 8.68 0.001 -59.66 -11.73 
Combitube -0.41 6.18 1.000 -17.46 16.63 
MBL 7.30 6.49 1.000 -10.62 25.23 
iLMA Airtraq 35.70* 8.68 0.001 11.73 59.66 
Combitube 35.28* 9.27 0.003 9.71 60.86 
MBL 43.00* 8.07 ≤0.001 20.74 65.26 
Combitube Airtraq 0.41 6.18 1.000 -16.63 17.46 
iLMA -35.28* 9.27 0.003 -60.86 -9.71 
MBL 7.72 7.10 1.000 -11.87 27.31 
MBL Airtraq -7.30 6.49 1.000 -25.23 10.62 
iLMA -43.00* 8.07 ≤0.001 -65.26 -20.74 
Combitube -7.72 7.10 1.000 -27.31 11.87 
 
Based on marginal means 
*The mean difference is significant at the 0.05 level 
**Adjustment for multiple comparisons: Bonferroni 
iLMA – intubating laryngeal mask airway 
MBL – Macintosh Blade Laryngoscope 
 
It can be seen that there are statistically significant differences in the time to successful 
intubation between the iLMA and all other devices, but no difference between the Airtraq, 
Combitube and MBL devices.   
 
4.4.6 Preference ranking 
The devices were ranked by preference with one being the most preferred and four being 
the least (see Section 3.4.5).  These rankings were compared using a Friedman analysis 
of variance (ANOVA) for repeated measures.  The null hypothesis, that the distributions of 
the preference ratings for each device are the same, was rejected (test statistic=102.333, 
df=3, n=7, p≤0.001).  Post hoc pairwise comparisons were made to establish where the 
differences were (Figure 4-15) and it can be seen that there are statistically significant 
differences between the iLMA and all other devices, with the iLMA being the least preferred 
device.  There is also a statistically significant preference for the Airtraq over the 
Combitube.    
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Table 4-6: Post hoc pairwise comparison of distributions of preference ratings 
between devices 
 
Devices compared Test 
statistic 
Significance 
(p value) 
Airtraq* and Intubating laryngeal mask airway* 
 
-2.03 ≤0.001 
Airtraq* and Combitube* 
 
 
-0.86 ≤0.001 
Airtraq and Macintosh blade laryngoscope 
 
 
-0.33 0.121 
Intubating laryngeal mask airway* and Combitube* 
 
1.17 ≤0.001 
Intubating laryngeal mask airway* and Macintosh 
blade laryngoscope* 
 
1.69 ≤0.001 
Combitube and Macintosh blade laryngoscope 
 
0.53 0.085 
                                                *The difference is significant at the 0.05 level 
 
 
Figure 4-15: Comparison of the distribution of preference ratings between the 
devices  
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The median values for the preference ratings were: Airtraq median=1; iLMA median=4; 
Combitube median=3 and MBL median=2.  The differences between ratings for the Airtraq, 
Combitube and MBL did not reach statistical significance at the 5% level.   
 
Further analysis compared the ranking of devices to the sample characteristics (age, 
training background and number of years’ experience), as per the fourth aim of the 
research; to identify any associations between preferences and demographic data.  Table 
4-7 gives a comprehensive presentation of these comparisons26.      
 
Table 4-7: Comparison of demographic variables to device preference rank  
Association of 
demographic 
variable and device 
rank 
Preference rank per device 
 
Demographic variable 
 
Airtraq 
Intubating 
Laryngeal 
Mask Airway 
 
 
Combitube 
Macintosh 
Blade 
Laryngoscope 
Age 
 
df=21 
2=25.778 
 
p=0.215 
2=35.446* 
 
p=0.025 
2=19.231 
 
p=0.570 
2=27.180 
 
p=0.165 
 
Training background 
 
df=9 
2=8.839 
 
p=0.452 
 
2=4.026 
 
p=0.910 
2=5.727 
 
p=0.767 
2=11.617 
 
p=0.236 
Number of years’ 
experience 
 
df=12 
 
2=6.223 
 
p=0.904 
2=12.363 
 
p=0.417 
2=19.793 
 
p=0.071 
2=15.777 
 
p=0.202 
            *The association is significant at the 0.05 level 
 
Existing studies have considered age in their studies, though not in terms of associations 
with device preferences.  There was a statistically significant association with younger 
paramedics ranking the iLMA as their least preferred device, this association (rather than 
causation) could be further explored.    
 
4.4.6.1 Justification of alternative intubation device ranking  
Following the association of the sample characteristics to the preference ranking for 
devices, reasons were sought from the paramedics themselves for the decisions they 
made.  These were given as free comments, collected and transcribed by the researcher 
                                         
26 An omnibus test was performed initially to identify whether any (unspecified) differences were 
present which minimises Type I error inflation. The post-hoc pairwise tests p-values take into 
account the inflation due to multiple testing 
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and analysed through thematic analysis (after Braun and Clarke, 2006).  Four themes 
were identified; process of intubation, outcome of intubation, training and exposure to and 
user friendliness of the devices.   
 
A number of participants noted the importance of the intubation process during their 
justification, referring to elements such as the view (of the airway), controlling the tube 
and watching the tube pass through the vocal cords.  The most preferred device was the 
Airtraq and statements such as “great view”, “clear visualisation of the cords” and “really 
good view of cords” were made about this device.  Similar but less frequent statements 
were made about the ‘view’ the Macintosh blade laryngoscope offered.  Experienced 
paramedics stated; “you can visualise it [the endotracheal tube] and you know it’s in” and 
“could visualise cords better” when justifying the MBL as their preferred device.   
 
Further positive process-related reasons given about the Airtraq, were the lack of adverse 
effects (such as increased pressure or force on the mannikin) experienced when using the 
device.  It was noted from the participants that “[there was] no pressure needed on 
scope”, “no pressure on hands or patients” and “doesn’t require as much force as [a] 
laryngoscope”.  These statements were often direct comparisons to the MBL.  A more 
common reason for MBL preference (related to the intubation process) was “the control of 
the tube” the paramedic had when intubating.   Statements such as: “more control, could 
adjust [the tube] easier” and “had own control and manoeuvrable” were made.  Process-
related concepts were not a feature of the reasons given for the Combitube, instead the 
outcome and success of the device featured more prominently.     
 
The outcome or success rate of each device was quantified by the ease, speed and 
reliability of the device, as determined by the participants.  For the devices, when selected 
as favourite, speed was perceived as a reason for preference, despite time to intubate not 
being shared by the researcher before rankings were given.  Ease of use was also 
frequently stated as a reason for preferred device.  Comments such as “really easy to use, 
really quick” and “got tube straight in”, were given as reasons for selecting the Airtraq as 
the preferred device.  Similar comments were made by the one participant who selected 
the iLMA as their favoured device, though these were atypical compared to other 
participants.  From paramedics who selected the Combitube as their preferred device, 
outcome and success was the main theme deriving from the data.  The notion that this 
device was “reliable”, “you can’t go wrong” and “it’s fool proof”, was suggested by these 
participants.   
 
Practitioners who participated in the experimental study were generally aware of the need 
for efficient intubation to give patients the best chance of survival.  The MBL was not often 
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discussed in relation to efficiency, instead, justification for ranking this method as 
preferred, largely related to training and exposure to the method.  This said, experienced 
paramedics stated that MBL was their preferred device as “it’s quick”.  There were 
comments made about the Airtraq such as “if I had more training I would be better” and 
“I would choose the Airtraq if I was more familiar with it”.  Being familiar with a device, 
following education and training, it seems would improve the efficacy of AIDs.     
 
A number of comments made when justifying the choice of preferred device related to 
using the devices and how the participants felt using the device.  Concepts such as general 
feel, versatility and simplicity were expressed by participants.  In particular with the 
Airtraq, comments such as “amazing, loved it” and “by far the best” were made alongside 
earlier mentioned statements.  “You don’t have to think about visualising anything”, was 
stated as a reason for selecting the Combitube as a preferred device.  The user friendliness, 
or lack of, featured more heavily when analysing the reasons given for the least preferred 
device.   
 
Similar themes as found for the reasons given for preferred devices, were also found in 
their negative form for the reasons given for least favoured devices.  The overarching 
theme with the justification statements for all the devices, when selected as the least 
preferred device, related to personal experience whilst using the device.  The comments 
made about the iLMA were that it was “fiddly”, “unusable”, “awkward”, “too hard” and 
“needs more than one pair of hands”.  The general theme throughout the statements made 
about the iLMA, was that the device disappointed.  There were similar suggestions made 
about the Airtraq (by participants who selected this as their least favourite device): “[I] 
thought it would be better than it was” and “it was difficult” were documented.  These 
statements were made by participants who were unsuccessful intubating with the Airtraq 
and contradict statements made by the majority of participants about the device being 
their preferred.  The comments made about the Combitube were varied.  Of the statements 
relating to the user friendliness, the Combitube was said to be “fiddly to inflate two cuffs” 
and “[I] couldn’t insert tube straight away”.  Other comments relating to user 
unfriendliness were that the devices were “difficult” to use, as said at least once for each 
device.  
 
Training and exposure to the devices were not common reasons given for the least 
preferred devices.  A participant mentioned that they “couldn’t insert the tube straight 
away” when referring to the Combitube, subsequent discussions about the insertion point 
and how the device worked, were had between the researcher and participants (see 
Chapter Five).  With reference to the iLMA, a few participants stated they “would improve 
with practice” and “need to practice more”, alongside the comments made about the 
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awkwardness of the device.  Participants also stated they were “out of practice” with 
standard laryngoscopy (the MBL), which contributed to their justification of it being their 
least preferred method.  This was alongside statements made about the process and 
outcomes of intubation, which were also made for each of the devices.   
 
The second most common theme behind user unfriendliness of the iLMA, as the least 
preferred device, was the outcome of the intubation attempt.  Participants referred to not 
gaining an effective airway, either on first attempt or after all attempts with the device.  
The main statements made were “couldn’t intubate with it”, “no intubation” and “it didn’t 
work”.  Similar statements were made about the other devices, albeit in the minority, for 
the MBL; “couldn’t intubate” was stated and for the Combitube, statements such as 
“difficulty ventilating” were made by participants.  Participants discussed the iLMA in terms 
of already having an effective airway with a supraglottic device (the laryngeal mask 
airway) and “why would you intubate”.  Similar comments were made when a participant 
couldn’t intubate with the Airtraq, they selected this device as least preferred because 
they “at least had an airway with the other one [iLMA]”.   
 
When giving reasons for least preferred device, the process of the intubation was 
mentioned consistently, particularly in terms of the view of the vocal cords, or lack of, 
when attempting intubation.  Participants regularly commented on having “no view” and 
“can’t see in airway” when discussing the iLMA and Combitube.  Further issues with the 
view was that paramedics “didn’t know how far to insert tube” and they “couldn’t see what 
was happening”.  There was a commonality with wariness when removing the laryngeal 
mask airway device from the tube.  Participants stated they “didn’t feel confident [when] 
taking the LMA out that it wasn’t going to pull [the] tube out” and “[there is] nothing 
holding [the] tube”.   Overall, the device was considered to be awkward and unreliable, 
offering no confidence in successful intubation according to paramedic participants.   
 
Additional reasons relating to process were the adverse effects the intubation attempts 
were causing, such as the pressure on the mannikins upper airway.  Participants that 
selected the MBL as their least preferred method said the device “levered on teeth” and 
there was a “risk of [pressure on] teeth”.  Process related reasons given for the Combitube 
also referred to the view, as previously mentioned, though paramedics did state the 
Combitube “[would be] good if [the] airway [was] obstructed”.  This is a fundamental 
concept of intubation and alternative intubation devices, which is further discussed in 
Chapter Five. 
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4.4.7 Researcher’s observations  
As proposed in Section 3.4.5, the researcher noted pertinent points whilst observing the 
intubation attempts with each device.  The outcomes of the observations are listed in 
Figure 4-16 and discussed in Chapter Five.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-16: Researcher’s observations during intubation attempts with 
alternative intubation devices 
 
 
 
4.5 Summary 
The results of the case note review show that a variety of airways were used, for patients 
in cardiac arrest over the period of a year, in one region of the UK.  It is impossible to 
identify which adjuncts were used for individual cases, due to the format of the data 
presentation.  Success rates for the use of simple adjuncts (oropharyngeal and 
nasopharyngeal airways) and supraglottic airway (SGA) devices were high when they were 
used.  This said, less than half the patients in cardiac arrest had a SGA inserted (48%) 
and it was impossible to ascertain if these patients were intubated instead.  Less than a 
third of the patients in cardiac arrest were successfully intubated (32%) and attempts 
were not made to intubate 1,622 (58.4% of) patients.   
 
Stage two of the research project explored paramedics’ views on and experience of airway 
management and endotracheal intubation during cardiac arrest, in an attempt to explain 
the number of intubation attempts and success rates.  Opinions were collected from 181 
• The use of a gum elastic bougie  
• The difference in speed of successful intubation between participants 
• Manipulation with Airtraq – temptation to ‘rock’ with device 
• Occasional excessive force on upper airway and teeth with Macintosh blade 
laryngoscopy (not always recognised by participants) 
• The adaptability to using new devices 
• Familiarity with the concept of intubation 
• Lubrication needed for devices  
• Prior preparation (loading Airtraq, connecting syringes for Combitube balloons) 
• Inserting the Combitube far enough and adequate balloon inflation for 
successful ventilation 
• The difficulties and frustration with the intubating laryngeal mask airway 
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paramedics across the country, in the form of a survey.  Two-thirds of the respondents 
were from one service (EMAS).  There was a positively skewed distribution of the 
respondents age and experience groups; the majority of respondents were younger with 
less experience.  Of the respondents, 148 (81.7%) had received their initial training or 
furthered their education, at University.   
 
The airway adjuncts that the paramedics reported they commonly used in cardiac arrest 
ranged from simple adjuncts (oropharyngeal and nasopharyngeal airways) to endotracheal 
tubes.  Over 80% of respondents stated they would use a supraglottic airway (SGA), either 
an iGel or a laryngeal mask airway (LMA).  Alongside SGA use, over three-quarters 
(n=142, 78.5%) of the respondents indicated they would commonly intubate and 151 
(83%) believed ETI to be gold standard airway management in cardiac arrest. These 
results differed significantly to the results of actual airway adjuncts found in the case note 
review.   
 
Opinions on ETI and OHCA were sought through multiple choice and free text responses.  
Nearly a third of paramedics indicated that a lack of equipment is a reason for not 
performing ETI, with 20% and 11.6% suggesting that time and skill fade respectively, are 
reasons for not intubating.  A further 5.5% of paramedics suggested that guidelines were 
a reason for not intubating, which could have related to inconsistent or a lack of supporting 
guidance.   
 
From the 99 free text responses in the survey, the most common reason for not performing 
ETI was because an alternative airway adjunct was adequate in ventilating the patient.  
Further reasons given were patient position or access with environmental constraints and 
a difficult intubation attempt due to the inability to view the vocal cords.  Patient condition 
in terms of return of spontaneous circulation (ROSC) and moving the patient to a definitive 
care centre, were proposed as reasons to intubate.     
 
The comparative study collected sample demographic data, before collecting data for 
analysis; to examine and compare the ability of paramedics to effectively use alternative 
intubation devices.  The sample contained more males than females and younger 
paramedics, with a corresponding lower number of years’ experience.  Most of the 
participants had received training or education at University with post registration study, 
or in order to gain their registration.   
 
Each participant used each device or method of intubating in a random order and statistical 
analysis was performed on the data collected.  There were statistically significant 
differences between the proportion of successful intubations with the iLMA and all the other 
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devices.  The overall success rates for the Airtraq, MBL and Combitube were over 97%, 
though the iLMA had a 65% success rate.  Not all participants proceeded to have three 
attempts with each device, in which case this was documented as an unsuccessful 
intubation.  There was no evidence to suggest that there are differences between the 
devices or methods in terms of the number of attempts needed for successful intubation.   
 
Time to intubate was analysed using all attempts and successful attempts only.  In both 
analyses, there are statistically significant difference in the mean time to intubate between 
the iLMA and all the other devices.  In the first analysis, this difference may be due to the 
low number of successful intubations.  In the second analysis, mean times to intubate 
were quicker, though all attempts took longer than the recommended 30 seconds (MBL=42 
seconds, Airtraq=51 seconds, Combitube=51 seconds and iLMA=86 seconds).   
 
When the demographic variables were associated with success rate of and time to intubate 
with the devices, there were statistically significant differences with older paramedics and 
paramedics that had not received education at University, being less successful with the 
MBL.   
 
The participants were asked to rank the devices in order of preference, justifying their 
choices in their own words.  The most frequently selected as preferred device was the 
Airtraq, with over half the participants selecting this device as their favourite.  This was 
followed by the MBL, with over two-thirds of participant ranking this method first or 
second.  The least favoured device was the iLMA, with over 79% of participants ranking 
this device fourth. Post hoc pairwise comparisons established that there are statistically 
significant differences between the iLMA and all other devices, with the iLMA being the 
least preferred device.  There is also a statistically significant preference for the Airtraq 
over the Combitube.   
 
Reasons for selecting preferred and least preferred device were analysed and four themes 
emerged; process of intubation, outcome of intubation, training and exposure to the 
alternative intubation devices and user friendliness.  For the most preferred device (the 
Airtraq), comments were made about the good view of the vocal cords the device provided 
as well as the lack of adverse effects.   
 
Reasons for ranking a device as least preferred predominantly related to the lack of user 
friendliness, in the main relating to the iLMA.  A common phrase used was the 
‘awkwardness’ of the devices, for both the iLMA and Combitube.  Not being able to intubate 
with the device also led to this being selected as least favoured.  Training and exposure to 
devices was mentioned, given that all bar the MBL were not commonly used by 
93 
 
paramedics.  Participants suggested that they would improve with practice with each of 
the devices.   
 
This concludes the results chapter, which has presented the results from each stage of the 
research.  Discussion of the results takes place, drawing on the literature review findings, 
in the following chapter.    
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Chapter 5 Discussion 
 
Chapter Four presented the results of the case note review, opinion survey and 
comparative study.  Chapter Five evaluates the results presented and discusses them in 
the light of previous research findings and health service guidelines (see Chapter Two).  
The structure of the chapter follows the original aims and objectives, which are aligned to 
the results, to enhance and focus the discussion.  The application of the research methods 
(strengths and limitations) and the implications of the findings are also considered in this 
chapter.    
 
 
5.1 Airway management and endotracheal intubation during cardiac 
arrest, in the out-of-hospital environment 
The initial aim of the research project was to identify current practice relating to airway 
management and intubation in the prehospital environment.  In order to investigate this, 
a case note review was performed in one region of the UK, which identified which airway 
management techniques were used by paramedics in practice.  It was found that 
resuscitation was attempted on 72% of patients, which is higher than the national average 
of 60% (The University of Warwick, 2018) (see Section 1.4.3).  There are valid reasons 
for not intervening with resuscitation, such as the presence of an advanced decision to 
refuse treatment (i.e. a ‘do not attempt cardiopulmonary resuscitation’ (DNACPR) order) 
or if the clinical presentation suggests that resuscitative attempts would be futile (the 
presence of rigour, algor or livor mortis for example).  Otherwise, attempts ought to be 
made to resuscitate patients in out-of-hospital cardiac arrest (OHCA) (Brown et al., 2016; 
The University of Warwick, 2018).  The differences in regional and national data regarding 
resuscitation attempts in OHCA might vary for a range of reasons, including the various 
techniques used to manage a patient’s airway.  These include simple adjuncts and or 
endotracheal intubation (ETI), which were identified as used in practice in the findings of 
the case note review.   
 
The results of the case note review reported in this thesis indicate that a range of airway 
adjuncts are used by paramedics, though simple adjuncts were used in less than 20% of 
patients.  This finding suggests that a step-wise approach to airway management was not 
commonly taken in practice, which could have been due to a patient being in cardiac arrest 
on initial assessment, in which case the patient may have been intubated immediately. 
Unfortunately, the data does not allow for deeper analysis as to whether patients were in 
cardiac arrest prior to ambulance personnel arriving.  The low usage of simple adjuncts 
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could also be attributed to the introduction and use of supraglottic airway devices (SGAs), 
which are quick and easy to insert (Cook and Howes, 2011) and may have been used in 
place of simple airway adjuncts, prior to or instead of ETI.  The case note review reveals 
that less than half of patients in cardiac arrest had a SGA inserted (both iGels and LMAs).  
The use and skill of inserting SGAs (such as iGels and laryngeal mask airways (LMAs)), 
was routinely taught in training schools and Universities by 2014, which does not explain 
the reason for under-use.  It is possible that paramedics or technicians who trained prior 
to the introduction of SGAs may not be familiar with changes in practice, or the use of 
SGAs, despite an abundance of literature on this subject (Guyette et al., 2007; Cook and 
Howes, 2011; Fawzy et al., 2012; Häske et al., 2013) (Section 1.3).  This said, the success 
rates of insertion for both types of SGA were over 95%, which may be attributed to the 
simplicity and lack of associated complications with the devices and is further supported 
by previous study results, which found that time to insert a SGA was quicker and safer 
than intubating (Frascone et al., 2011; Kajino et al., 2011) (Section 2.2.2). 
 
Using a SGA could negate the need for further airway management, such as ETI, though 
a SGA does not protect the airway (trachea) and lungs from aspiration of stomach content, 
which is a huge risk in a cardiac arrest situation (Simons et al., 2007; Asai, 2012; 
Nicholson et al., 2013; Jabre et al., 2018) (Section 1.3).  The literature review found that 
the insertion of a SGA device in OHCA is likely to be associated with worse patient 
outcomes than other methods of airway management (Wang et al., 2010; Shin et al., 
2012; Tanabe et al., 2013; Henlin et al., 2014; Benoit et al., 2015; Kang et al., 2015).  
Patients who did not have a SGA inserted may have been intubated immediately in place 
of, or following the use of a SGA, in the step-wise airway management approach.  Despite 
resuscitation algorithms and protocols recommending early ETI in out-of-hospital cardiac 
arrest (see Henlin et al., 2017), results from the case note review indicate that intubation 
attempts were made in 42% of patients in cardiac arrest.  It is not clear whether these 
patients had other airway adjuncts in place to ensure a patent airway (due to data 
limitations).  It is acknowledged as a weakness that the data includes interventions from 
a range of ambulance personnel, including technicians and care assistants, who cannot 
carry out intubation, thus potentially reducing the number of intubations that could take 
place and documented in practice.  At the same time, there are potential limitations in 
reporting; it has been found that documentation of successful ETI can be suboptimal 
(Ducket et al., 2013; Phelan et al., 2013).   
 
The use of intubation as an advanced airway management technique has been reported 
on by a number of authors (see Section 2.2.2).  Reviewing the effectiveness (success rate 
and time to intubate) of intubation has highlighted complications such as misplaced ETTs, 
multiple attempts to intubate and a lack of user experience (Wang et al., 2009a; Henlin 
96 
 
et al., 2014; Dyson et al., 2017).   In this case note review, the success rate of intubation 
was 77%, which reflects the findings of existing literature (Wang and Yealy, 2006a; Dyson 
et al., 2017), where success rates ranged from 70% to 95% (Section 2.2.2).  The case 
note review did not identify the number of attempts required and time to intubate, nor the 
level of experience paramedics had, however this was investigated in the comparative 
empirical study (see Sections 3.4, 4.4, 5.3).   
 
The case note review results suggest that less than a third of the patients in resuscitated 
cardiac arrest were intubated (32%).  Considering that previous studies (Egly et al., 2010; 
Cook et al., 2011; Wang et al., 2012; Benoit et al., 2015) and guidelines (Deakin et al., 
2010; Brown et al., 2016; Higgs et al., 2017) suggest ETI to be necessary airway 
management in for patients in cardiac arrest (if a competent practitioner is present), this 
is a low figure and suggests that best airway practices are not being employed in the out-
of-hospital environment, by paramedics in the East Midlands region.  Reasons for not 
attempting intubation, or for failed intubation attempts, were not available in the case 
note data, though the concepts that emerged from existing literature relating to this are: 
the availability of equipment, inconsistent guidelines, the time taken to intubate and 
unreliable training or skill maintenance methods (Wang et al., 2009a; Deakin et al., 2009; 
Strote et al., 2009; Lockey et al., 2013).  These were investigated further on in the 
research project, using a survey posed to paramedics (Section 3.3). 
 
The reported use of airway adjuncts used for patients in cardiac arrest (in the survey) 
differed significantly to those found in the EMAS case note review results.  In the survey, 
113 (62% of) paramedics reported that they would use an oropharyngeal airway (OPA), 
compared to the 18% documented as used in cardiac arrest (in the case note review).  
Predicted use of simple airway adjuncts may differ from actual use due to patient’s clinical 
presentations.  It is not possible to insert an OPA in to a patient with trismus of the jaw, 
therefore a nasopharyngeal airway (NPA) might be used.  In the survey, 19% of 
participants suggested they would use a NPA, whereas in the case note review only 2% of 
patients in cardiac arrest received a NPA.  In traumatic cardiac arrests, NPAs are not 
always advocated with injuries such as facial wounds and or suspected base of skull 
fractures (Muzzi et al., 1991; Schade et al., 2000).  However, airway management takes 
precedence over other cautions, which is potentially why paramedics suggested they would 
use the devices and might not have been able to use them in practice.    
 
Further contraindications of the data from the case note review and survey include the 
actual and reported use of SGA devices.  The survey results show that 74% of paramedics 
suggested they would commonly use a SGA, either a laryngeal mask airway (LMA) (n=17) 
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or an iGel (n=130)27.  The reason for the higher number of responses to iGels rather than 
LMAs is perhaps due to the availability of equipment in a Trust or area.  The proposed use 
of SGAs from respondents might be in line with service guidelines, or through following a 
step-wise airway management approach.  The case note review data indicates that actual 
use of SGAs in cardiac arrest was less than 50%.  Direct comparison between the case 
note review and survey results is difficult, given the different methods used to collect data 
and that only paramedics can intubate (whereas case note data included interventions 
from a range of personnel).  However, it is noted that reported use of airway adjuncts, 
including endotracheal tubes, is higher than those actually used in cardiac arrest (and 
EMAS guidelines indicate a paramedic would be dispatched to the scene of a cardiac arrest 
(EMAS, 2019), suggesting that paramedics would be present).  The reported use of airway 
adjuncts could have been influenced by the questions in the survey (see Section 3.5.6), 
this could be overcome by using alternative methods, such as a prospective observational 
study.  It is recognised that if a survey were to be used, allowing free-text responses 
(rather than offering multiple choice options) is likely to give a more accurate 
representation of paramedics’ opinions.  A further limitation in this comparison is that the 
case note review data was collected from the East Midlands region, whereas the survey 
collected opinions from paramedics across the UK.  This said, when considering the 
opinions of the EMAS paramedics only, similar discrepancies are noted (Section 4.3.6).  It 
is also recognised that the opinion survey took place two to three years later than the case 
note review, which could have affected opinions and experiences (given research 
developments).  Further research on the use of airway management techniques, including 
SGAs, by paramedics in OHCA could be useful to provide additional information on the 
airway management techniques used across regions in the out-of-hospital environment.       
 
 
5.2 Paramedics’ opinions of endotracheal intubation in cardiac arrest  
The second aim of the research project was to ascertain paramedics’ opinions on airway 
management and ETI.  To help answer this, two questions were posed in the survey to 
this effect, with the majority believing intubation to be gold standard airway management 
in OHCA and stating they would commonly intubate if required.    These results conflict 
with the findings from the case note review, which reported intubation attempts in less 
than half (42%) of patients in cardiac arrest.  The disparity that suggests paramedics’ 
views differ to their practice, could be due to the survey question posed (which suggested 
there is a gold standard airway management approach for patients in cardiac arrest (see 
Section 3.5.6)).  Future opinion surveys should avoid potentially leading questions and 
                                         
27 Out of the 17 respondents that would commonly use a laryngeal mask airway, 13 of these also 
stated they would commonly use an iGel.  It is not possible to use both simultaneously.   
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aim to ascertain paramedics’ views from open questions and responses. The contradiction 
in findings from the case note review and opinion survey were further investigated by 
seeking paramedics’ reasons for not attempting and unsuccessful intubation (see below).  
The opinion responses were further investigated to establish any associations between 
demographic variables and the opinions reported by paramedics. 
 
The literature review conducted to underpin this research identified no existing studies 
which consider paramedics’ opinions on ETI. Therefore, no associations between 
demographic information and opinions in previous research have been identified.  In this 
research there was no statistically significant difference in the percentage of paramedics 
who stated they would commonly use ETI across the age, training background and number 
of years’ experience groups.  There were associations with the gold standard view 
question, in that younger paramedics who trained at University were less likely to have 
this view.  This association could be attributed to advances in airway management and 
evidence advising the use of SGAs in practice, as well as these paramedics perhaps having 
better research skills (embedded during University training), to analyse the literature and 
guidelines available.  This said, it may be expected that more experienced paramedics 
would have a superior analytical approach to managing clinical situations, though there 
was found to be no association between the paramedics’ experience (in years) and views 
on intubation.  This was an observational study so no casual links can be attributed to the 
associations shown, however, additional research could further investigate whether there 
are contributory factors that influence paramedics opinions on ETI in OHCA.   
 
Paramedics’ views on reason not to intubate were sought through the survey conducted 
in this research.  A disparity between the results of the survey (see Section 4.3.5) and 
existing literature was found.  The evidence suggests that potential reasons for not 
intubating and failed intubation attempts are: a lack of confidence in performing the skill 
due to skill fade (not intubating in practice regularly), inadequate equipment availability 
and the time it takes to intubate (which could relate to skill level) (Deakin et al., 2009; 
Strote et al., 2009; Wang et al., 2009a; Bingham and Proctor, 2008).  However, just 12% 
of the respondents suggested that a lack of skill was a reason for not intubating in practice 
and 18% indicated that the time it takes to intubate prevented attempts.  Time constraints 
could relate to time on scene, time to intubate or travel time to hospital (Wang et al., 
2009b).  The notion of time restricting intubation decisions is logical, given the need to 
fulfil all the elements of the advanced life support algorithm: continuous chest 
compressions, the administration of drugs and the rapid transport of patients (Strote et 
al., 2009).  Alongside this, the environmental difficulties associated with ETI in the 
prehospital environment also prolong intubation times (Gatward et al., 2008; Wang et al., 
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2009b).  Although it may be quicker to insert a SGA, patient’s clinical needs should be 
considered together with restrictions. 
 
In this thesis, the majority reason for why ETI might not take place or be unsuccessful, in 
the out-of-hospital environment, given by almost a third of paramedics, was ‘if another 
device (such as a SGA) was adequate in managing an airway’,  followed by a lack of 
adequate equipment.  The Resuscitation Council (2015) state that ETI should be attempted 
only if simpler airways prove ineffective whereas alternative evidence suggests that 
intubation is entirely necessary in cardiac arrest (Benoit et al., 2015; Gawlowski et al., 
2016).  There is ongoing research to identify the optimal airway management technique 
for patients in OHCA, though many paramedics continue to be taught and use the skill of 
intubation in practice.  In the survey responses, paramedics reported not having adequate 
resources in terms of laryngoscope blade sizes, capnography monitoring and assistance 
for intubation.  Resource allocation and suppliers change frequently, which at times 
disrupts the equipment available or accessible to paramedic practitioners.  Having 
appropriate resources has significant implications for practice in terms of paramedics being 
prepared and equipped to carry out ETI in OHCA.   
 
Alongside equipment resources, paramedics were asked if they would not intubate during 
cardiac arrest because it is against service guidelines.  Some services have excluded the 
skill of ETI from their training programmes, suggesting it is not a necessary intervention 
with short travel distances to hospital (London Ambulance Service (LAS), 2016).  In 
comparison, paramedics that work in services that cover a larger area, in rural parts of 
the UK, have further to travel to hospital with their patients and need to be able to manage 
clinical presentations effectively.  Only 6% of paramedics selected this as a reason for not 
intubating in the survey.  Further investigation could offer a more comprehensive overview 
of regional airway management and ETI practices, in relation to service guidelines.   
 
A range of additional reasons for not intubating during cardiac arrest were given by 
paramedics, which adds to existing research where little attention has been paid [to 
paramedics’ opinions on ETI].  These included the clinical presentation of the patient, the 
unpredictable nature of the out-of-hospital environment, access to the ‘head end’ of the 
patient and the effective use of a laryngoscope while in confined areas.  These problematic 
situations essentially relate to the inability to obtain a view of the airway.  Practitioner 
related issues, a patient’s clinical state and the need to transfer to a definitive care centre 
(hospital), were further reasons (given by paramedics) not to intubate.  Some also gave 
these concepts as reasons to intubate.  For instance, ‘in an attempt to obtain a return of 
spontaneous circulation’ (ROSC), by correcting hypoxia or ‘to secure and maintain a 
patient’s airway during a transfer’ (both onto and off an ambulance and during the journey 
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to hospital).  These explanations can again be related to guidelines, which suggest that 
patients should be transferred to a definitive care centre as soon as possible post-ROSC 
(Resuscitation Council, 2015).  Alongside this, patients need to be transported to the right 
hospital for their care (given the suspected reason for cardiac arrest), rather than the 
nearest centre (Moy et al., 2011), potentially lengthening journey times.  Paramedics in 
this research also suggested that evidence of regurgitation may direct them to intubate, 
in order to protect the airway and increase chances of survival from cardiac arrest.  
Therefore, approaches that treat or prevent regurgitation (for instance the insertion of an 
ETT), may improve chances of survival following cardiac arrest (as supported by Benoit et 
al., 2015; Piegeler et al., 2016; Jabre et al., 2018).  At the same time, interventions that 
offer enhanced views of the airway, such as alternative intubation devices or methods, 
could encourage and speed up intubation in prehospital practice.   
 
Although the question in the survey asked for reasons not to intubate, paramedics also 
gave considered reasons for carrying out ETI.  Their reiteration of performing intubation if 
they deemed it necessary, during cardiac arrest, was perhaps because the question asked 
for reasons for not intubating during cardiac arrest and the respondents did not consider 
any reasons not to intubate.  Alternatively, the respondents may have felt strongly about 
intubating, which was clear in previous questions of the survey.  A further selection of 
respondents referred to being part of the Airways-2 trial at the time of responding to the 
questionnaire, indicating they would not intubate as they were allocated to the SGA group.  
This said, some of these respondents stated they would upgrade to an ETT if required, 
given the patient’s condition or if the SGA was not adequate, which was in-line with the 
Airways-2 study protocol.  This response demonstrates the application of professional 
judgement within a clinical situation by paramedics. The findings imply that paramedics 
would intubate a patient if required, supported by the findings from the earlier questions 
in the survey, but conflicting findings from the case note review.  There is a clear disparity 
between actual and reported use of ETI found in this study, which additional research 
could explore.   
 
To accompany professional judgement and clinical decision making, alternative intubation 
devices (AIDs) have been shown to help overcome some of the complications experienced 
by paramedics, thus ensuring intubation is more effective (Smith et al., 1999; Maldini et 
al., 2016; Ducharme et al., 2017).  The literature review (Section 2.3) identified gaps in 
the current evidence, with opportunities to provide new evidence about AIDs for use by 
paramedics in prehospital practice.  There are a range of devices used in clinical practice, 
although none of them are commonly used in the out-of-hospital care environment and 
no one is established as more effective than another (Section 2.4).  The experimental 
study element of the research reported in this thesis (Section 3.4) aimed to examine and 
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compare the ability of paramedics to effectively use alternative intubation devices, by 
comparing four different methods.   
  
 
5.3 Examination and comparison of alternative intubation devices – 
effectiveness  
A prospective comparative study was used to examine and compare the ability of 
paramedics to effectively used alternative intubating methods in an experimental setting.  
This research design had been used in previous research in the field (Russi et al., 2008; 
Nasim et al., 2009 and 2009b; Butchart et al., 2011; Russi et al., 2013; Bogdański et al., 
2015).  Effectiveness measures included success rate, which is the most important 
measure of an intubation device or method, given that it is ultimately required to provide 
a clear airway, ventilation and oxygenation of the lungs (Cook et al., 2011; Shin et al., 
2012; Wang et al., 2012; McMullan et al., 2014; Benoit et al., 2015; Kang et al., 2015).  
Time to intubate was also used as an effectiveness measure, previous research suggests 
time to intubate is negatively associated with out-of-hospital cardiac arrest, particularly 
when performed by paramedics (Kajino et al., 2011; Mulder et al., 2013; Henlin et al., 
2014). 
 
5.3.1 Success rate 
The literature review, compared a range of alternative intubation methods but did not 
indicate any differences in the success rates of devices, including those using mannikins. 
Only one study was identified which contradicted these findings and its author was the co-
inventor of the VL used (Butchart et al., 2011), therefore could be subject to researcher 
bias.  In the author’s research, four methods or devices were compared to establish their 
effectiveness when used by paramedics, which has not been carried out in previous 
research.  In this thesis there were no statistically significant differences in the success 
rates of the MBL, VL and Combitube when used by paramedic participants on mannikins, 
which is similar to the majority of existing research that compared a VL to a SBL (Nasim 
et al., 2009a & 2009b; Gaszynska and Gaszynski, 2014; Bogdański et al., 2015; Hodnick 
et al., 2017; Smereka et al., 2017; Yildirim et al., 2017) and a Combitube device to a SBL 
(Bollig et al., 2006; Russi et a., 2008).  The third study that investigated the effectiveness 
of the Combitube (by Calkins et al., 2006) carried out research on real patients and found 
a SBL to be superior (with no statistical significance).  The author of this thesis found that 
the iLMA had a statistically significant lower success rate than all of the other devices, 
which is in disagreement with results from the study undertaken by Swanson et al. (2004), 
who found equal success rates between the iLMA and a MBL (and have so far been the 
only researchers to use paramedic participants and compare the iLMA to other alternative 
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methods).  Swanson et al.’s study was also carried out on mannikins, though had a much 
smaller sample size.  The higher success rate could be attributed to their participants being 
more familiar with the device than in this comparative study (see Section 5.4).  Further 
reasons for the lower success rate with the iLMA in comparison to other methods used, 
could be attributed to the lack of view into the airway due to the blind intubation technique.  
However, the Combitube device is also a blind technique, though with its retroglottic 
nature is not inserted into the patient’s trachea, whereas the ETT through the iLMA is, 
potentially making this technique more difficult.  All the studies (including the author’s) 
that were carried out on mannikins should be interpreted with caution, given that 
mannikins are not exact replicas of real patients.  Complications such as airway 
obstructions from bodily fluids are not present in mannikin studies, which may affect 
success rates of each device, compared to those derived from use in real clinical situations 
(see Cook et al., 2012; Freund et al., 2012).  To reduce other factors associated with 
mannikin use, the same mannikin was used in the author’s comparative study, which 
reduced the variation in airways.  At the same time, the muscle memory and skill to carry 
out intubation is observable on mannikins and findings can be applied to real patients in 
terms of the techniques used (Graham, 2005).  Further research investigating alternative 
intubation devices on real patients would be a useful addition to the body of knowledge, 
whilst the findings would have enhanced implications for clinical practice.   
 
In the experimental study presented in this thesis, the observed similar success rates with 
the MBL and Airtraq were unforeseen, given that paramedics are familiar with using a MBL 
and not a video-optic device.  This outcome challenges previous literature findings that 
suggest the skill of intubation is diminishing (Deakin et al., 2009).  Familiarity with the 
MBL had the potential to influence outcomes (as discussed in Section 3.4.3), this potential 
training effect is recognised as a design limitation.  In order to minimise and account for 
this, didactic explanation of each of the devices was given prior to use and paramedic 
participants were aware of the definition of intubation (further discussed in Section 5.3.2).  
At the same time, the number of years’ experience a paramedic participant had was 
documented and associated with outcomes (see below), following findings that previous 
intubation experience was associated with intubation success and first pass success rate 
(Dyson et al., 2017).  Memory recall bias effect on intubation attempts was limited using 
random allocation of the order in which the devices were used.  The results suggest that 
familiarity did not affect the results.  Regardless of the above findings, ETI success rates 
identified in the case note review (stage one) were lower on real patients in cardiac arrest, 
compared to the success rates of intubation on mannikins in the simulated empirical study 
presented in this thesis.   
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First time success rates are important to minimise the amount of time the patient is 
without oxygen (Wang et al., 2012).  Existing studies found no differences between the 
first time success rates of VLs and a SBL (Bogdański et al., 2015; Nasim et al., 2009a and 
2009b).  Similarly, this empirical study identified no evidence to suggest that there are 
any differences between these devices in terms of the number attempts required to 
successfully intubate.  Not finding a difference in the number of attempts required for 
successful intubation is likely related to the high success rates with the devices, with the 
exception of the iLMA, which required more attempts.  In the author’s study many 
participants did not continue on to use second and third attempts with the iLMA (a 
maximum of three attempts were permitted with each device) and it is noted that success 
rates might have improved if they had.  The similar number of attempts and success rates 
with three of the AIDs compared in this thesis, alongside existing study findings, could 
have implications for practice in that either method would support effective patient care.     
 
5.3.2 Time to intubate 
When analysing all attempts, the quickest device for successful intubation was the 
Macintosh blade laryngoscope (MBL) (mean time=46 seconds), which is understandable 
as the paramedics were likely to be familiar with the MBL, whereas the other devices were 
new to them.  This result is also similar to previously published studies, where times 
ranged from 8 seconds to over 90 seconds with a standard blade laryngoscope (SBL).  A 
number of existing studies identified a SBL as the quickest method of intubation (when 
compared to a VL) (Nasim et al., 2009a; Gaszynska and Gaszynska, 2014; Smereka et 
al., 2017; Yousif et al., 2017), though these studies had smaller sample sizes and one 
investigated participants wearing level C personal protective equipment (Section 2.3.1), 
which would have potentially slowed intubation times.  A range of times to intubate were 
reported in these studies and, similar to the author’s study, the participants were less 
familiar with VL devices.  Guidelines suggest a maximum of 30 seconds for attempts to 
intubate (Difficult Airway Society, 2015), though mean times for all devices exceeded this 
(Airtraq; 55 seconds, the Combitube 51 seconds and iLMA 118 seconds).  These times are 
lengthy, though comparable to previous study findings which found intubation times of 
greater than 30 seconds using a VL28, Combitube (Bollig et al., 2006; Russi et al., 2008) 
and iLMA (Swanson et al., 2004).     
 
When the devices were compared to each other, there were statistically significant 
differences between the mean time to intubate with the iLMA and all the other devices 
                                         
28 Swanson et al., 2004; Bollig et al., 2006; Russi et al., 2008; Wayne and McDonnell, 2010; 
Butchart et al., 2011; Arima et al., 2013; Bogdański et al., 2015; Hodnick et al., 2017; Yousif et 
al., 2017.   
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(when all attempts were considered).  This was attributed to the slower mean time to 
intubate with the iLMA (almost two minutes), which  could be explained by the two-step 
process required with this intubation technique (time to intubate commenced from the 
insertion of the laryngeal mask airway (LMA), through which the ETT is passed).   However, 
the study by Swanson et al. (2004), who compared the iLMA in an out-of-hospital practice 
environment on mannikins, found average intubation times of 39 seconds; three times 
quicker than in the author’s research study.  Their study sample size was 15 (nurse and 
paramedic participants); significantly lower than the sample in the empirical study 
presented in this thesis and not large enough to detect a difference (results were not 
statistically significant).  Didactic training on the device took place in both studies, though 
it was noted that participants in the authors’ study found the device difficult to use, despite 
grasping the concept of intubating over the SGA.  Mean time differences presented in this 
thesis may be due to the high failure rate for intubation using the iLMA, which was 
investigated by analysing only successful attempts.  However, results from the second 
analysis also found statistically longer times to intubate with the iLMA when compared to 
the other devices in this thesis.  A quicker time to intubate did not necessarily lead to 
paramedics selecting this device as their preferred device, which was investigated in the 
final part of the research project.   
 
In this comparative study, the researcher did not allow paramedics to practice with any of 
the devices in order to minimise memory recall bias (Sections 3.4.3 and 5.4.1).  The 
training effect of using the devices was considered, which was shown in the literature 
review to have the potential to influence results (Russi et al., 2013); Jarvis et al., 2015; 
Ducharme et al., 2017).  In the author’s study, the lack of statistically significant 
differences between device intubation times indicates that the familiarity of the MBL did 
not affect results.  Further training on the alternative methods of intubation could 
potentially improve intubation times, improving their applicability for use in prehospital 
care. This said, caution should be taken with the findings from this thesis given that the 
empirical study was carried out on mannikins and experience with using AIDs varied.  
Training and user-friendliness were concepts raised by paramedics when asked for their 
opinions about the devices (see Section 5.4).   
 
 
5.4 Examination and comparison of alternative intubation devices – 
paramedics’ preferences 
Paramedics’ preference was an important component of the research; one of the initial 
objectives set by the researcher was to investigate the preferences of paramedics for AIDs.  
Each paramedic was asked to rank the devices (or methods of intubation) in order of 
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preference, which required conscious comparison of the devices.  This data collection 
method has not been used in previous comparative studies - which used rating methods 
where participants were asked to rate devices individually (using visual analogue scales) 
and comparisons made at the point of data analysis.  Furthermore, open responses were 
collected and analysed in the authors’ research, which also has not been used in previous 
comparative studies.  Reasons for ranking order of the devices was captured qualitatively 
and analysed using inductive thematic analysis.  This method ensured that the themes 
were not driven by the researcher’s theoretical interest in ETI and the devices, but data 
driven directly from the paramedic participants (after Patton, 1990).  Four themes 
emerged; process of intubation, outcome of intubation, training and exposure to the 
devices and user friendliness.   
 
The Airtraq (a video-optic device) was the preferred alternative method of intubation; over 
half the participants selected this device as their favourite. The reasons given for this 
included offering clear visualisation of the vocal cords and being the most user friendly.  
Previous mannikin studies also found that views of the glottis are significantly enhanced 
when a VL is used (Butchart et al., 2011; Bogdański et al., 2015; Hodnick et al., 2017; 
Smereka et al., 2017).  In other studies, airway views with a VL were found to be 
comparable to a SBL (Truszewski et al., 2016; Ducharme et al., 2017).  Similar statements 
were mentioned by paramedics in the authors’ comparative study, where it was reported 
that the more familiar method of a MBL allowed for a good degree of capability in 
visualising the ETT passing through the vocal cords.  Unfortunately, adverse effects such 
as levering on the teeth of the mannikin, excessive force in the soft palate of the upper 
airway and excessive head movement, were observed by the researcher through the data 
collection process.  Existing studies also identified the issue of excessive pressure used 
with a SBL (Butchart et al., 2011; Smereka et al., 2017; Yildirim et al., 2017) (see Section 
2.3.3).  Although in the author’s research this was a small proportion (less than 10%, 
particularly related to older paramedics), it was not always recognised by participants.  
This observation is concerning as the method is currently used on real patients in practice 
and could have caused significant trauma and additional complications.  Previous studies 
and researchers discovered that using a VL considerably reduced the amount of dental 
force exerted on patients (Butchart et al., 2011; Yildirim et al.,2017).  The lack of force 
required with a VL was supported by paramedic participants, who made comments about 
the Airtraq that suggested no pressure or force was needed on the device or by the user.  
Indeed, the researcher observed a good degree of adaptability when using new devices, 
though there was an element of manipulation when using the Airtraq device, with a 
temptation to ‘rock’ in an attempt to obtain a view.  Using the device in this way could be 
attributed to the lack of familiarity with the device and could potentially be overcome with 
training interventions.  With similar results in paramedic preference for VLs being found in 
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the current and existing studies, this could be considered when further investigating AIDs 
for use in practice.   
 
Having a good view of the vocal cords is more likely to lead to a successful, timely 
intubation (Katz and Falk, 2001; Wang and Yealy, 2006a), though this is not a necessary 
element when using the blind intubation or retroglottic methods (the iLMA and the 
Combitube).  The inability to gain an effective airway was important for paramedics and 
devices were not favoured if they could not intubate or ventilate first time with them.  
However, the Combitube had a 100% success rate and although favourable comments 
were made about the reliability of the device, it was not the most preferred.  A reason for 
this could be related to paramedics being used to viewing a patient’s airway and visualising 
the ETT passing through the vocal cords.  In a previous study that investigated and 
compared Combitube devices, authors reported on ease of use and found the Combitube 
to be easier to use than performing intubation with a SBL (Russi et al., 2008).  The same 
authors found paramedics were similarly comfortable with a SBL and a Combitube.  In this 
thesis, participants had perhaps not considered potential airway obstructions that could 
be present in real patients.  It is necessary to be mindful of these and if applying the 
method to practice, practitioners may require additional equipment and interventions to 
clear the airway, such as suctioning of obstructive fluid or to remove foreign bodies in the 
airway.  Research carried out on real patients (and therefore real airway management 
situations) to compare retroglottic and blind intubation techniques, is required to establish 
device effectiveness and make recommendations for practice.   
 
The iLMA was the least preferred device, with almost 80% of participants ranking this 
device fourth out of four.  Analysis showed significant differences between the preference 
rankings for the iLMA and all other devices (with the iLMA having a lower ranking than the 
others).  This outcome is plausible, given that the iLMA was the least successful and took 
the longest time to intubate.  Paramedic participants found the device to be ineffective 
and problematic in terms of user-friendliness.  This finding is different to the findings of 
the one identified published study that investigated the iLMA with paramedic participants 
(Swanson et al., 2004), whose participants rated the process of using an iLMA as ‘fairly 
easy’, though more difficult than with a standard blade.  In this comparative study, least 
preferred ranking could be attributed to the lack of training and familiarity with the iLMA; 
it was clear that paramedics knew what they had to do with the device, though found it 
difficult to execute this.  The likelihood of the iLMA being accepted in to paramedic practice 
is low given the device was not favoured by the paramedics that participated in the study 
presented in this thesis and the one existing study was not large enough to identify a 
statistically significant preference for the iLMA.   
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The training effect and its potential to influence results has been discussed throughout 
this thesis (see Sections 3.4.3 and 5.4.1).  In this research, participants referred to not 
being able to use some of the devices straight away whilst others suggested they would 
improve with practice or need to practice more.  This suggestion is encouraging and 
suggests that paramedics are open to try new methods, or change practice, particularly 
if this could improve patient outcomes.  The literature review revealed that many 
researchers have found ETI to improve patient outcomes when performed by skilled 
professionals (Wang and Yealy, 2006a; Wang et al., 2010; Shin et al., 2012; Tanabe et 
al., 2013; Wallis et al., 2013; Henlin et al., 2014; Benoit et al., 2015; Kang et al., 
2015).  It was observed that paramedics were familiar with the concept of intubation 
and had anatomical and physiological awareness when performing intubation.  Many of 
the participants prepared their equipment beforehand for instance by pre-filling syringes 
with air and or loading the Airtraq with an ETT).  This preparedness in performing 
intubation could increase confidence and competence and thus patient care, when 
applied to practice effectively.   
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Chapter 6 Conclusion 
 
The research presented in this thesis investigated airway management and endotracheal 
intubation (ETI) in the out-of-hospital care environment, along with the examination of 
the ability of paramedics to effectively used alternative intubation devices (AIDs) in an 
experimental setting.  The research project included a retrospective case note review, an 
opinion survey and an experimental comparative study of four different intubation devices.  
This chapter summarises the findings in the light of the research aims and published 
literature (Section 6.1) and discusses the limitations and weaknesses of the research 
(Section 6.2).  Contributions to and recommendations for further research and implications 
for practice, are presented in Section 6.3 of the chapter.   
 
6.1 Summary of findings aligned with the research aims 
 
Aim 1) Identify current practice relating to airway management and endotracheal 
intubation in the out-of-hospital environment.   
 
The data from the case note review in one region of the UK show that a variety of airways 
were used for patients in cardiac arrest.  The frequency of use of simple airway adjuncts 
(oropharyngeal airway and nasopharyngeal airways) was low and fewer than half of 
patients had a supraglottic airway (SGA) inserted.  The data suggest that a step-wise 
approach to airway management is not routinely carried out whilst resuscitating patients 
in cardiac arrest.  The success rates of these airway adjuncts were high, indicating good 
skill and technique when using these simple airway adjuncts in practice.   
 
Paramedics could have intubated immediately, rather than use a step-wise approach.  The 
data suggests that attempts to intubate were made in less than half the patients in cardiac 
arrest (42%).  Twenty-three per cent of these were unsuccessful, leading to less than a 
third of patients in cardiac arrest being successfully intubated (32%), which could be due 
to the (unrecorded) level of responder to the cardiac arrest: emergency technicians and 
care assistants do not perform intubation.   
 
Aim 2) Ascertain paramedics’ opinions on airway management and endotracheal intubation 
in the out-of-hospital environment. 
 
The airway adjuncts that the paramedics reported commonly using in cardiac arrest 
included simple adjuncts (oropharyngeal and nasopharyngeal airways), SGAs and 
endotracheal tubes (ETTs).  Over 80% of respondents stated they would use a SGA, either 
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an iGel or a laryngeal mask airway (LMA).  A similar number indicated they would 
commonly perform ETI in cardiac arrest (78%).  A large proportion (83%) of paramedics 
reported that they believe ETI is gold standard airway management during cardiac arrest, 
implying that they would perform the skill in practice if feasible.  The results from the 
survey conflict with findings from the case note review, which found that less than half 
(42%) of patients in cardiac arrest had intubation attempted.  However, these two sources 
of data were not directly comparable as the case note review data did not contain details 
about the responder status and was only from one area of the UK (see Section 6.2).   
 
The most common reason given for not performing ETI in cardiac arrest was if an 
alternative device was adequate to ventilate the patient.  Further reasons given for not 
intubating or unsuccessful intubation, were a lack of available equipment, not being able 
to obtain a view of the vocal cords due to limited patient access, patient position or 
obstructions in the airway.   
 
Aim 3) Examine and compare the ability of paramedics to effectively use alternative 
intubation devices 
 
Effectiveness was determined by success rates (defined by simulated ventilation of the 
mannikins lungs) and time taken to successfully ventilate.  Analysis of the experimental 
study data showed the overall success rates for the Airtraq, Combitube and Macintosh 
Blade Laryngoscope (MBL), were comparable (over 97% successful) when used by 
paramedics.  Similar findings were found in recent peer reviewed literature, with no one 
AID found to be more successful than another (Nasim et al., 2009a and 2009b; Ducharme 
et al., 2017; Hodnick et al., 2017; Smereka et al., 2017; Yildirm et al., 2017).  In the 
comparative study presented in this thesis, there were statistically significant differences 
between the proportion of successful intubations of the iLMA and all the other devices.  
The iLMA was the least successful, with a success rate of 65%.  This result contradicts the 
results from previous research, which found comparable success rates between the iLMA 
and a standard blade laryngoscope (SBL) (Swanson et al., 2004).   
 
The quickest device for successful intubation in this research was the MBL, with a mean 
time of 42 seconds, followed by the Airtraq and Combitube (mean time=51 seconds for 
both) and the iLMA taking a mean time of 86 seconds.  Time taken to intubate was 
measured in most of the previously published studies (see for example Nasim et al., 2009a 
and 2009b; Gaszynska and Gaszynska, 2014; Smereka et al., 2017; Yousif et al., 2017), 
although the results were varied and conflicting; there was no one method found to 
facilitate quicker ventilation than another overall.  There were statistically significant 
differences in the time taken to successful ventilation between the iLMA and all other 
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devices.  The long intubation times with the iLMA could be attributed to the higher failure 
rate with this device and a lower proportion of participants using all three attempts with 
this device (see Section 6.2). 
 
Aim 4) Investigate the preferences of paramedics for alternative intubation devices  
 
Paramedic participants were asked to rank the intubation methods and devices in order of 
preference.  In some previously published studies, paramedics’ opinions on devices were 
gathered using visual analogue scales to establish perceived ease of use for each device 
(Bogdański et al., 2015; Hodnick et al., 2017; Wallace et al., 2017 and Yousift et al., 
2017).  The ranking rather than rating of devices in this research study was considered 
superior as the participants were required to explicitly compare the devices.  The most 
frequently selected as preferred device was the Airtraq, with over half the participants 
selecting this device as their most favoured.  The least favoured device was the iLMA, with 
over 79% of participants ranking this device last. When the device ranks were compared 
to each other, there was a statistically significant preference for the Airtraq over the 
Combitube, which was different to existing findings that suggested that paramedics were 
similarly comfortable with a SBL and Combitube device (Russi et al., 2008).  There was 
also a statistically significant difference between the iLMA and all other devices, with the 
iLMA being the least preferred device.  Associations were investigated between the ranking 
of devices and the demographic data.  A higher proportion of younger paramedics ranked 
the iLMA as the least preferred device.   
 
These rankings were further explored by the use of free text comments which were 
analysed qualitatively. Reasons given for selecting the Airtraq as the preferred device 
predominantly related to the good view of the vocal cords the device provided.  Other 
positive statements related to the lack of pressure required to use the device, as well as 
the lack of force exerted on the mannikin.  This is similar to findings from previous studies, 
which found that VLs were superior in terms of the view the device offered, particularly 
when alternative situations such as chest compressions and cervical spine immobilisation 
were introduced (Butchart et al., 2011; Bogdański et al., 2015; Hodnick et al., 2017; 
Smereka et al., 2017).  At the same time, VLs reduced adverse effects such as dental 
trauma.  The MBL was reflected upon positively with statements about the ‘control’ one 
had when using the device and the familiarity of the technique.  Perceptions of speed to 
successfully intubate were also made about all the methods, when selecting a favoured.   
 
Reasons for ranking a method or device as least preferred predominantly related to the 
lack of user friendliness, in the main relating to the iLMA.  A common phrase used was the 
‘awkwardness’ of the devices, for both the iLMA and Combitube.  The outcome of intubation 
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also featured highly with justification of least preferred devices; not being able to intubate 
with the device.  Training and exposure to devices was mentioned; participants suggested 
that they would improve with practice with each of the devices (see Section 6.3).   
 
6.2 Research limitations and weaknesses   
The research design was the three-stage, mixed methods approach which was novel and 
offered a diverse and more comprehensive understanding of ETI by paramedics in the out-
of-hospital environment.  Whilst this was effective in answering the research aims and 
objectives, there were some limitations in the design. These have been referred to 
throughout the methods chapter (Chapters 3) and further challenges that emerged during 
the completion of the research were discussed in Chapter Five.  A summary of the 
methodological limitations, weaknesses and challenges are offered in this section.   
 
In order to minimise the differences between local service guidelines and practices, the 
research was completed in one region of the UK.  Whilst this has not offered an opportunity 
to consider comparisons of practice across the UK, it has enabled a focus on the airway 
management interventions provided by paramedics to patients in cardiac arrest (see 
Section 3.2.1).  The case note review sampled all the patients in cardiac arrest in the East 
Midlands region over the period of a year. This avoided the Airways-2 trial data collection 
period in an attempt to mitigate any risk of skewing data regarding choice of airway 
adjunct used in cardiac arrest.  It is possible that the findings will be unique to the area, 
given the national guidance on cardio pulmonary resuscitation (Resuscitation Council, 
2015) and national ambulance guidelines (Fisher et al., 2016) (see Section 3.2.1).    
 
The data provided from EMAS for the case note review was a summary of cardiac arrests 
and airway management techniques used over the period of a year.  An initial data sharing 
agreement was in place at the outset of the research, approving access to relevant raw 
data.  Subsequent changes (in staff and guidance) challenged this, restricting the data 
shared (see Section 4.2).  Requests were made by the researcher for the raw data, 
including offers to extract the data herself, though this was not possible.  A weakness that 
was identified during data analysis was the inclusion of airway management practices from 
all ambulance personnel, rather than paramedics only.  Despite the format of the data 
provided limiting data analysis29, the data extraction method ensured no influence from 
the researcher on findings and the first aim of the research project (to identify current 
                                         
29 It had been intended to analyse the data by looking not only at overall summary statistics, but 
also by looking at possible associations with demographic professional and clinical factors including 
responder status. 
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practice relating to airway management and intubation in the out-of-hospital environment) 
was met.     
 
The data from the case note review was taken from one [ambulance] Trust, from 2014-
2015 and the opinion survey carried out in 2017, which included responses from 
paramedics from a number of different ambulance Trusts.  Weaknesses have been 
identified in the opinion survey (see Section 3.3.1) through reflection upon the questions 
asked, being potentially leading and inferring researcher bias.  For example, questions 
asked for reasons why paramedics would not intubate in practice, rather than reasons for 
failed intubation in practice or an open question about ETI in OHCA.   
 
The snowball sampling method used to recruit respondents for the opinion survey did not 
enable a random sample of the paramedic population.  Snowball sampling was carried out 
due to there being no centre register of paramedics available to the researcher, supporting 
a random sample design.  The method used enabled recruitment from an otherwise hard 
to reach population.  The resulting sample was large enough to enable the second aim of 
the research to be met.  This aim focussed on ascertaining paramedics’ opinions on airway 
management and intubation in the out-of-hospital environment (see Section 3.3.2).  By 
using this sampling method, the recruitment process was taken out of the researcher’s 
control after the initial round of direct contacts, reducing bias in terms of selection.   
 
The recruitment method for the comparative study could also not be random, given the 
lack of a central register to sample from.  However, the convenience sampling recruitment 
method was effective in ensuring a spread of demographic factors, as well as achieving 
the a priori sample size (see Section 3.4.2).  The comparative study used a mannikin to 
measure intubation attempts, which is a recognised limitation of the research design.   
 
One of the limitations of observational studies is not accounting for any errors during 
airway management, such as ETT misplacement or the duration of airway insertion 
attempts (Wang et al., 2012) (see Section 2.2.1).  Timing continued throughout all the 
attempts required for successful intubation and ventilation, rather than separating each 
attempt (Section 3.4.3).  This is not truly representative of clinical practice (whereby 
reoxygenation would usually take place between intubation attempts) (Weingart, 2011; 
Jung et al., 2012; Higgs et al., 2018).   
 
The video-optic device selected for the comparative study (the Airtraq) was selected 
because of its availability. Other video laryngoscopes could have been incorporated into 
the comparisons if they had been available.    The paramedics were accustomed to using 
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the MBL but not the other alternative methods of intubation, which was recognised as a 
study design limitation (see Sections 3.4.3 and 5.4.1).   
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6.3 Contribution to and recommendations for practice and further research 
The research adds to knowledge by offering empirical evidence on airway management 
techniques (including ETI), used by paramedics for patients in out-of-hospital cardiac 
arrest (OHCA).  Furthermore, paramedics’ own views on airway management have been 
presented, including their reasons for not performing ETI and experiences of unsuccessful 
ETI, during OHCA.  The comparative study is the first known to the author to compare 
more than two alternative intubation devices or methods in one study, investigating 
effectiveness in terms of success rate and time to intubate.  It is also the first research in 
the UK to compare blind intubation methods (the Combitube device and intubating 
laryngeal mask airway (iLMA)) using paramedic participants.  To ascertain paramedics’ 
preferred AID, participants were asked to rank the devices in order of preference, rather 
than obtaining ratings on individual methods.  Ranking the devices in this way required 
conscious comparisons between the devices and was further investigated by obtaining 
paramedics’ justifications of their decisions in their own words, which has not been carried 
out in existing comparative studies.   
 
The case note review in the current research study identified airway management 
techniques for patients in OHCA, carried out by all ambulance personnel.  Future research 
could investigate the airway management practices by paramedics only and compare these 
to ambulance technicians and care assistants.  It would be useful to review the case notes 
of patients in a range of geographical areas, to establish local and national airway 
management practices.  Furthermore, carrying out research using case notes and a survey 
simultaneously would allow for succinct comparison of results and give an enhanced 
overview of practice.  Future studies should recruit a larger sample, through a wider range 
of Trusts, where resources and approvals allow.         
 
The opinion survey offers intuitive insight into paramedics’ opinions of airway management 
and intubation, one of the reasons given not to intubate was the lack of available 
equipment, another because another adjunct was adequate.  A number of factors are 
considered by ambulance service commissioners when considering the introduction of new 
practices, such as equipment and processes.  This is service dependent and could be 
further investigated by ambulance services to establish which resources are limiting 
paramedics performing intubation in practice and or whether this is related to new 
methods or changes in clinical practice guidance.  Paramedics’ opinions and preferences 
should be considered in addition to the clinical effectiveness, cost analysis, patient input 
and national standard review, when considering service changes.  The author’s research 
study has demonstrated that involving paramedics can offer useful insights to practice-
based challenges and are valuable in determining apposite changes in practice.   
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The ability of alternative intubation devices to help overcome some of the reasons given 
by paramedics in the opinion survey for not intubating, such as difficulties in accessing 
patients or being unable to obtain a view of the vocal cords, was examined.  Previous 
studies found that paramedic experience positively affects the success rate of intubation 
(Wang et al., 2010; Dyson et al., 2017) and should be considered when further examining 
the use of AIDs.  The comparative study presented in this thesis acknowledged the number 
of years’ experience and training background the paramedic participants had, which is a 
strength of this research.  Furthermore, previous studies have not accounted for training 
background or paramedics opinions, this research therefore offered an alternative view on 
factors associated with intubation by paramedics (Sections 3.4.3 and 5.4.1).   
 
The impact on patient care has been referred to throughout this thesis and a device that 
offers the best outcome for patients is desired.  The comparable success rate of the Airtraq, 
Combitube and MBL in this thesis suggests that all would be suitable in practice.  However, 
with this being a mannikin study, it is impossible to state whether airway obstructions 
present in real patients would have hindered the use of each of these devices or methods.  
Time to intubate was also similar between the MBL, Airtraq and Combitube, although using 
each of these devices took longer than 30 seconds to successfully ventilate and so other 
factors need to be considered when making recommendations for the most effective device 
for use in prehospital practice.  The intubating laryngeal mask airway (iLMA), had poor 
success rates and lengthy time to intubate (on average 86 seconds), which is not 
conducive to effective patient care during cardiorespiratory resuscitation.  The results 
showed that the iLMA was the least effective of the devices used in this study.  It is likely 
that it would also not be effective for patient care in prehospital practice.  However, the 
methodological limitations in this research including paramedic participants having prior 
experience in using a MBL in practice and the use of a mannikin to examine the AIDs, it is 
not appropriate to recommend a particular method of intubation in the clinical situation.   
 
Accompanying the findings of the equivalent success rate and time to ventilate that the 
Airtraq, Combitube and MBL had, it was determined that paramedics’ preferred device was 
the Airtraq video-optic device.  This preference ranking separates this device from the 
others; the enhanced views of the airway and diminished adverse effects the VL offered.  
This finding has implications for practice in that a VL could offer superior intubations and 
the author suggests further research to determine whether a VL would be suitable for use 
in paramedic practice.  Further training may improve intubation times and enhance patient 
care with all of the devices and methods compared.  The educational preparedness of 
paramedics is likely to positively affect the ability to provide effective care, alongside 
availability of appropriate equipment.  To maintain the skill with whichever method of 
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intubation is used in practice, a comprehensive training programme and a predetermined 
skill maintenance plan is recommended. 
 
The methodological limitations of this research require that more robust experimental 
studies are undertaken to fully explore the use of ETI and alternative intubation devices 
or methods in clinical practice.      
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i. Types of alternative intubation devices 
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ii. Literature review method: Endotracheal intubation or supraglottic 
airway devices     
 
Data bases used 
Five data bases were selected that were considered appropriate for study in professional 
healthcare practice (see below): 
• Medline 
• AMED 
• CINAHL with Full Text 
• Computers and Applied Sciences Complete 
• Education Research Complete 
 
Search terms used to identify studies for literature review  
A selection of terms were used to search for and select articles; endotracheal intubation 
and supraglottic airway, these were then combined with cardiac arrest.  Boolean operators 
were employed with the search terms to exhaust the literature of all relevant research 
(Table 1).   
 
Search Terms 
Endotracheal Intubation Supraglottic Airway Cardiac Arrest  
Advanced airway 
management  
Laryngeal mask airway "Cardiac arrest" 
Endotracheal intubat* iGel Resus* 
Tracheal intubation Supraglottic CPR 
Airway management Extraglottic Cardio pulmonary 
resuscitation 
Protected airway SGA device "heart arrest" 
Laryngoscopy Supraglottic airway Cardio pulmonary arrest 
Intubat* SAD  
Endo tracheal airway  Pre-hospital 
Difficult intubation  "Out of hospital" 
  Pre?hospital 
  EMS 
  "Critical Care" 
  "Urgent Care" 
  "Emergency Care" 
Table 8: Boolean operators employed to search for relevant articles for the 
initial literature review  
 
Inclusion and exclusion criteria  
Inclusion and exclusion criteria for study selection were developed (Figure 1).  Studies 
from across the globe were sought to explore airway management techniques used in 
cardiac arrest.  Studies focussing on all medical disciplines were included, though a focus 
remained cardiac arrest and comparisons of intubation and supraglottic airways.  Studies 
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from the previous 10 years were included to offer the most recent findings from practice.  
Comparative studies were included explore the literary findings about recommendations 
for airway management during prehospital cardiac arrest.  With this in mind, studies 
offering patient outcomes were included.   
 
 
Figure 17: Inclusion and exclusion criteria used to select articles for review 
 
The titles and abstracts of the studies were read and cross-referenced with the inclusion 
and exclusion criteria.  Following deletion of duplications, a total of 21 articles were 
identified for review, which were organised in tabular format, for further cross-reference 
with the inclusion criteria, as well as to establish the nature of articles.  The reference lists 
of the articles were scrutinised to identify any additional studies relevant to the field of 
practice, two additional articles were found for review.  Upon reading the articles, six 
studies were discounted due to not meeting inclusion criteria (one was not a comparison, 
one a Cochrane review and four editorials or opinion articles).  A total of 13 studies were 
identified using the search parameters, to provide an insight to the research question; ‘is 
ETI superior to a SGA in OHCA. 
• all countries 
• all medical / clinical disciplines 
• cardiac arrest patients 
• out-of-hospital environment 
• real patient studies  
• comparative studies (including prospective and retrospective) 
• not alternative intubation devices 
• previous 10 years 
• not patient outcomes (such as survival rates)  
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iii. Table of articles used in the initial systematic review of the literature: The most effective method of airway 
management in out-of-hospital cardiac arrest 
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iv. Literature review method: Alternative intubation devices for use by 
paramedics in the out-of-hospital environment  
 
Data bases used 
Five data bases were selected that were considered appropriate for study in professional 
healthcare practice, similar to the initial literature review (see Appendix-ii).    
 
Search terms used to identify studies for literature review  
A selection of terms were used to search for and select articles; alternative intubation 
devices, paramedics and prehospital.  The term cardiac arrest was also considered, due to 
the nature of intubation and the urgent care environment, though was used alongside 
other terms, given the inclusion of studies carried out on mannikins and patients with 
traumatic injuries (not necessarily in cardiac arrest).  Boolean operators were employed 
with the search terms to exhaust the literature of all relevant research (Table 2).   
 
Search Terms 
Alternative intubation 
devices 
Paramedics Pre-hospital 
Advanced airway 
management  
Professionals "Out of hospital" 
Endotracheal intubat* Best practice Pre?hospital 
Tracheal intubation Ambulance  EMS 
Airway management Ambulance service "Critical Care" 
Protected airway HCPC registered "Urgent Care" 
Laryngoscopy Emergency Care 
Practitioners 
"Emergency Care" 
 EMT (Emergency 
Medical Technician) 
 
Intubat* Nurse Cardiac Arrest  
Assist* intubation device Doctor "Cardiac arrest" 
Video assist* Physician Resus* 
Fibreoptic  CPR 
Difficult intubation  Cardio pulmonary 
resuscitation 
Endo tracheal airway  "heart arrest" 
?sophageal?tracheal 
Combitube 
 Cardio pulmonary arrest 
Difficult airway   
intratracheal   
Intubating LMA   
LMA protector   
 
Table 9: Boolean operators employed to search for relevant articles for the 
literature review  
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Inclusion and exclusion criteria  
Inclusion and exclusion criteria for study selection were developed (Figure 2).  Initially 
studies solely from the UK were sought, though research relating to paramedics using 
alternative intubation devices (AIDs) in the UK is extremely limited, with just one study 
found that was set in England and two in Northern Ireland.  The criteria were therefore 
expanded to include worldwide literature, to reflect the use of AIDS in the pre-hospital 
environment in other countries.  Studies focussing on paramedics, rather than other 
medical disciplines were included; as paramedic practice is unique, in terms of the 
application of knowledge and skills to the practice environment.  It is important to note 
that paramedic practice varies country to country, though the expected skill level to 
carrying out intubation and airway management remains equivalent in each country, as 
well as the nature of an uncontrolled out-of-hospital emergency care environment.   
 
 
Figure 18: Inclusion and exclusion criteria used to select articles for review 
 
Existing research studies in the out-of-hospital environment have focussed on the use of 
AIDs by paramedics in practice using both real patients and mannikins, both methods are 
included in the literature review.  The studies on real patients included patients in cardiac 
arrest in the out-of-hospital environment only, rather than patients’ pre-procedure or in a 
hospital environment.   
 
The titles and abstracts of the studies were read and cross-referenced with the inclusion 
and exclusion criteria.  Following deletion of duplications, a total of 24 articles were 
identified for review, which were organised in tabular format, for further cross-reference 
with the inclusion criteria, as well as to establish the nature of articles.  The reference lists 
• all countries 
• one group of professionals - paramedics / prehospital / OOH workers 
• out of hospital environment (i.e. not patients about to undergo surgery) 
• cardiac arrest patients 
• patients with traumatic injuries requiring intubation 
• mannikin studies included 
• not solely paediatrics / children 
• not supraglottic comparison 
• comparison of alternative intubation methods 
• all years  
• not tube comparison (specifically endotracheal tube variations) 
• no secondary research  
• not patient outcomes (such as survival rates)  
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of the articles were scrutinised to identify any additional studies relevant to the field of 
practice, though no additional articles were found for review.  Upon reading the articles, 
three studies were discounted due to not meeting inclusion criteria (one used physicians 
in the out of hospital environment, another emergency technicians not paramedics and 
the third studied patients’ pre-surgery).  A total of 21 studies were identified using the 
search parameters, to provide an insight to the research question; ‘which is the most 
effective and preferred alternative intubation device, for use by paramedics’.   
  
  
141 
 
v. Table of articles used in the systematic review of the literature: Alternative intubation devices used by 
paramedics in the out-of-hospital environment 
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Key:  
VL – video laryngoscope 
SBL – standard blade laryngoscope 
MBL – Macintosh blade laryngoscope 
iLMA – intubating laryngeal mask airway 
MILS – manual inline stabilisation (of the cervical spine) 
CCILS – cervical collar inline stabilisation (of the cervical spine) 
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vi. Cadaver studies used in the systematic literature review  
 
The Cadaver studies used in the systematic literature review were carried out by Hodnick 
et al. (2017) and Truszewski et al. (2016) and met the inclusion criteria for review.  These 
studies have remained in the literature review due to the value they add in terms of the 
methods used (both sets of authors carried out RCTs).  Both studies compared video-
laryngoscopes to standard blade laryngoscopes and the findings in the studies correspond 
to both mannikin and real patient study findings.  Furthermore, the study by Hodnick et 
al. explored paramedics opinions, which were measured by just two-thirds of the studies 
reviewed.   
 
It is recognised that using cadavers may not be appropriate with the availability of high-
fidelity mannikins, however, they can be valuable in more adequately simulating 
interventional approaches.       
  
145 
 
vii. Information about the National Airways-2 Trial 
 
 
 
Abstract: 
 
 
Reference: Taylor, J., Black, S., Brett, S., Kirby, K., Nolan, J.P., Reeves, B.C, Robinson, 
M., Rogers, C., Scott, L.J., South, A., Stokes, E.A., Thomas, M., Voss, S., Wordsworth, S. 
and Benger, J.R. (2016) Design and implementation of the AIRWAYS-2 trial: A multi-centre 
cluster randomised controlled trial of the clinical and cost effectiveness of the i-gel 
supraglottic airway device versus tracheal intubation in the initial airway management of 
out of hospital cardiac arrest.  Resuscitation. 109 pp. 25-32.   
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viii. Agreement from East Midlands Ambulance Service to proceed with 
the study methods (including data sharing) 
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ix. Planning potential relationships within survey data  
 
A list of variables and measures of influencing factors were used to plan potential 
relationships within the survey responses, these are outlined below. 
 
Q1 - ambulance service   Q5 – time as a registered paramedic 
Q2 – training route   Q6 – airway devices used during cardiac arrest 
Q3 – age    Q7 – ETI gold standard? 
Q4 – gender     Q8 – reasons for not intubating  
 
 
Questions to ask of the data: 
 
Questions 1 to 5 = demographic data; report frequencies  
Questions 6 to 8 = opinions; report frequencies 
Question 8 = free text responses; content analysis 
 
Correlate Q2 and Q3 
Correlate Q2 and Q5 
Correlate Q3 and Q5 
Correlate Q6 and Q1 
Correlate Q6 and Q2 
Correlate Q6 and Q3 
Correlate Q6 and Q4 
Correlate Q6 and Q5 
Correlate Q6 and Q7 
Correlate Q6 and Q8 
Correlate Q7 and Q1 
Correlate Q7 and Q2 
Correlate Q7 and Q3 
Correlate Q7 and Q5 
Correlate Q7 and Q8 
Correlate Q8 and Q1 
Correlate Q8 and Q2 
Correlate Q8 and Q3 
Correlate Q8 and Q5 
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x. Data collection template used for comparative study 
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xi. Permission of access from East Midlands Ambulance Service 
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xii. Information / Briefing sheet for participants for intubation study 
 
There are new methods on the market that are said to improve the efficiency of intubation, 
enabling practitioners to perform successful, swift intubation in potentially uncontrolled 
environments.  The aim of the research is to identify which of these methods is the most 
efficient with regard to success rate, time taken to intubate and professional user opinion.  
 
You are invited to take part in this research study, which involves practical simulation and 
a survey and in order to consent to participation you are asked to read this information 
sheet.   
 
You will be asked to perform endotracheal intubation using 4 different techniques in a 
simulated environment, using a mannequin.  Each attempt will be monitored for time taken 
to successfully intubate and first time success rate.   You will be asked to rate the devices 
in order of preference as well giving your opinion on the methods.    
 
The whole process is hoped to take no longer than 15 minutes, though explanation of the 
devices if not known may take a little longer.  The results of both the simulated study and 
questionnaire will be analysed and published in the aim of informing out-of-hospital 
endotracheal intubation practice. 
 
Important considerations 
• No personal identifiable data will be collected, though some demographic 
information will be collected 
• Taking part in the study will not harm you in any way 
• Any practice considered dangerous will be reported to the head of training and 
development at EMAS 
• Your professional opinion will be reflected in the questionnaire 
• You will not be rewarded for completing the study 
• The study does not directly involve patients or service users 
• You can withdraw from the study at any time (without reason) though data that 
has already been collected will still be included in the study 
 
Your time taken to participate in the study is very much appreciated.  If you still feel able 
to contribute I would like to arrange a convenient time / place to meet and carry out the 
simulation and survey.  This might be on your ambulance station, the local hospital or 
University for example.  If you have any questions or can suggest a time and place to 
meet please respond by email or in person.  Thank you, Sarah Cross.   
sarah.cross07@my.northampton.ac.uk  
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xiii. Confirmation to negate the need for National Health Service Health 
Research Authority Research Ethics Committee approval for the research 
study 
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xiv. Key principles for data management, posed in the Data Protection Act 
The Data Protection Act (1998) incorporates eight principles, which require that all 
information must be: 
• Processed fairly and lawfully 
• obtained for specific and lawful purposes and not processed in a manner 
incompatible with those purposes 
• adequate, relevant and not excessive 
• Accurate and up to date 
• Kept no longer than necessary 
• Processed in accordance with subjects rights 
• protected by appropriate security 
• not transferred without adequate protection 
The Data Protection Act (1998) 
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xv. Supraglottic airway device use; findings from the case note review 
 
 
Figure 19: The graph shows the use and success rates of supraglottic airways, 
for patients in cardiac arrest over the period of a year, by East Midlands 
Ambulance Service personnel.   
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xvi. Ambulance services represented in the opinion survey data  
 
The opinion survey questionnaire was distributed online using a convenience sample initial, 
then a snowballing sampling technique with respondents passing the survey link on to 
paramedic colleagues.  The ambulance trusts represented through the respondents are 
illustrated below (Figure 20).   
 
 
Figure 20: Ambulance services represented in the opinion survey responses   
 
The predominant service was East Midlands Ambulance Service, which is attributed to the 
sampling technique used.  The other services represent paramedic colleagues based in a 
hospital setting or working with helicopter emergency response charities.   
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xvii. Training background of opinion survey respondents 
 
From the opinion survey data, it can be seen that there was a fairly even distribution for 
the training route undertaken by the paramedic respondents; 53.6% trained at University 
and 46.4% trained in-service (with the institute of health care development (IHCD) 
curriculum) (n=84).  Of these, 51 had gone on to support their professional training with 
an academic qualification at University.    A total of 33 respondents (18.2%) completed 
their initial training with no further study or training.  These results are illustrated in Figure 
21.   
 
 
Figure 21: Training backgrounds of the respondents in the opinion survey 
(IHCD= institute of health care development, which refers to the in-service 
training route).   
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xviii. Health and Care Professions Council (HCPC) data on the gender and 
ages of UK paramedic registrants, in comparison to opinion survey and 
comparative study gender and age data 
Demographic information was collected to give an overview of the sample of participants.  
A total of 44 (61%) males and 28 (39%) females took part in the comparative study, 
similar to the gender of paramedic registrants (male = 62%, female = 38%) (HCPC, 2018) 
(see Figure 5).  This demographic information comparison offers reassurance that the 
sample was representative of the paramedic population in terms of gender.   
 
 
Figure 22: The gender groups of paramedics in this study compared to all 
paramedics in the UK 
In the UK, a higher proportion of paramedics are older, whereas in the study a higher 
proportion of paramedics were younger (see 6).  This is attributed to the sampling 
techniques used for the opinion survey and comparative study.    
 
 
Figure 23: Age distribution of participants in the study and UK registered 
paramedics 
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xix. Demonstration of the random order the alternative intubation devices 
were used in (comparative study) 
 
The alternative intubation devices were used in a random order, using the closed envelope 
technique, with participants selecting the order of which to use the devices.  This is 
demonstrated in Figure 24.   
 
 
Figure 24: Random order of alternative intubation device use in the 
comparative study 
 
 
 
 
 
